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Docket No.: MIY-P03-006 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Gellman et al. 

Application No.: 10/774826 Confirmation No.: 9242 

Filed: February 9, 2004 Art Unit: N/A 

For: DEVICES FOR MINIMALLY INVASIVE Examiner: Not Yet Assigned 

PELVIC SURGERY 



PETITION TO MAKE SPECIAL 
UNDER 37 CFR 1.102(d) 

MS Petition 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

Submitted herewith is a Petition to Make Special the above-identified patent application. 

Attorneys for Applicants hereby state that a preexamination search was conducted. 
Copies of known references related to the subject matter have been submitted to the PTO 
attached to Information Disclosure Statement filed on September 10, 2004, and a Preliminary 
Amendment has also been submitted to the PTO on September 10, 2004, copies of both filings 
are attached hereto for convenience. 

The following art is known to Attorneys for Applicants and may be related to subject 
matter of the pending claims as presented in the Preliminary Amendment filed on September 10, 
2004 for the present application: U.S. Patent No. 4,798,193; U.S. Patent No. 4,824,435; U.S. 
Patent No. 4,896,668; U.S. Patent No. 5,064,435; U.S. Patent No. 5,1 12,344; U.S. Patent No. 
5,152,749; U.S. Patent No. 5,234,457; U.S. Patent No. 5,334,185; U.S. Patent No. 5,337,736; 
U.S. Patent No. 5,354,292; U.S. Patent No. 5,61 1,515; Norris et al., Journal of Endourology, 
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I hereby certify that this correspondence is being deposited with the U.S. Postal 
Service with sufficient postage as First Class Mail, in an envelope addressed to: 
MS Petition, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313- 
1450, on the date shown below. 



Dated: 



Signature: 

( Maura A Gallagher ) ^/ 
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Volume 10, page 227-230, June 1996; and Petros and Ulmsten, Scandanavian Journal of 
Urology and Nephrology Supplement 153, 1993, which are summarized below. 

Additionally, we did the following searches: 

1. We studied the file history of U.S. Patent No. 6,491,703 and identified two U.S. 
patents cited therein— U.S. Patent No. 5,250,033 and U.S. Patent No. 5,368,595— that may be 
related to the subject matter of the pending claims as presented in the Preliminary Amendment 
filed on September 10, 2004 for the present application. We also electronically searched via the 
Delphion Web site the hyper links to the references cited in and the references citing these two 
U.S. patents and identified the following related art: U.S. Patent No. 3,472,232; U.S. Patent No. 
3,763,860; U.S. Patent No. 4,983,168; U.S. Patent No.5,167,634; U.S. Patent No. 5,409,469; 
U.S. Patent No. 5,647,857; U.S. Patent No. 5,935,122; and DE 43 34 419 Al, which are 
summarized below. 

2. We also conducted full-text keyword searches in all of Delphion's databases (i.e., U.S. 
patents, U.S. patent applications, European patents, European patent applications, WIPO/PCT 
international patent applications, German databases including granted patents and pending 
applications, Japanese abstracts, and INPADOC). 

1) We used the following search terms: ((mesh or sling or tape) and (pouch or 
envelope or sleeve or sheath) and urinary). We reviewed the 189 results from this 
search and identified 10 additional relevant references: U.S. Patent No. 
5,417,226; U.S. Patent No. 5,562,717; EP 0417189 Bl; EP 0506920 Bl; EP 
0628288 Bl; EP 0831751 Bl; EP 1321111 A2; WO96/01597; WO 96/34587; and 
WO 96/39227, which are summarized below. 

2) We also used the following search terms: ((mesh or sling or tape) and (pouch or 
envelope or sleeve or sheath) and (medical or surgical)) and did not find any 
additional relevant references. 

3) We also used the following search terms: ((mesh or sling or tape) within five 
words of (pouch or sleeve or sheath)) and limited to U.S. classes 128/600/601 
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/602/604/606/607/623 or limited to IPC: A61 . We did not identify any additional 
relevant references. 

With respect to the subject matter of the references, Applicants submit the following: 

1. U.S. Patent No. 3,472,232 - This reference generally relates to a catheter insertion 
device. In particular, as illustrated in Figure 1 and Figure 7, the catheter 14 is received within 
the cannular 12. This reference does not appear to teach a shaft having a curved portion in 
combination with a sling assembly. 

2. U.S. Patent No. 3,763,860 - This reference generally relates to a laparoscopy 
instrument and a method for suturing and ligation. In particular, as noted in Figure 2, a sheath 
14 covers a stem 1 1 and the stem 11 is to be removed from the body while the sheath 14 is left 
within. This reference does not appear to teach a shaft having a curved portion in combination 
with a sling assembly. 

3. U.S. Patent No. 4,798,193 - This reference generally relates to a protective sheath 
instrument carrier. In particular, as shown in Figure 7, the instrument is introduced into the 
sheath through the handle 12. This reference does not appear to teach a shaft having a curved 
portion in combination with a sling assembly. 

4. U.S. Patent No. 4,824,435 - This reference generally relates to an instrument guidance 
system. As shown in particular in Figures 1 and 3, the instrument comprises a primary guide 
wire 14 and a secondary guide wire 12. As shown in Figure 2, the primary guide wire 14 is 
inserted into the lumen of the tube 16. This reference does not appear to teach a shaft having a 
curved portion in combination with a sling assembly. 

5. U.S. Patent No. 4,896,668 - This reference generally relates to a plate set for 
osteofixation equipped to suture strands. The plate set is for securing a patient's rib cage 
following surgery and for protecting internal organs during subsequent surgical procedures. 
This reference does not appear to teach a shaft having a curved portion in combination with a 
sling assembly. 
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6. U.S. Patent No. 4,983,168 - This reference generally relates to a medical-layered peel- 
away sheath and the methods of using the sheath. In particular, as shown in Figure 1, a catheter 
tube 16 is inserted into the target body site through the hollow interior of the peel-away sheath 
10. This reference does not appear to teach a shaft having a curved portion in combination with 
a sling assembly. 

7. U.S. Patent No. 5,064,435 - This reference generally relates to self-expanding 
prosthesis having stable axial length. In particular, as shown in Figure 1, stent 16 is in a relaxed 
condition. As shown in Figures 2 and 3, the stent is elastically deformed and maintained in a 
radially reduced configuration by a pliable sheath 38 surrounding the stent 16. This reference 
does not appear to teach a shaft having a curved portion in combination with a sling assembly. 

8. U.S. Patent No. 5,1 12,344 - This reference generally relates to methods and the 
surgical instruments for treating female incontinence comprising looping a filamentary element 
19 between the wall of the vagina 16 and rectus abdomenis sheath in the interior wall of the 
abdomen, whereby it passes to each side of the urethra 20 into the correct spatial relationship to 
the pubis 17. The surgical instrument comprises a tubular shaft 1 1 having a handle 12 at one end 
and carried toward its other end a flexible needle element 13 slidably receivable in the shaft 1 1 
and adapted at one end to receive a filamentary element 19 and having an enlarged profiled 
portion 15 at its other end, whereby when the needle element 13 is received in the shaft 1 1, the 
other end of the needle element 13 defines a convergent surface of the other end of the shaft 1 1 
and the one end of the needle element 13 is exposed at one end of the shaft 1 1 . This reference 
does not appear to teach a shaft having a curved portion in combination with a sling assembly. 

9. U.S. Patent No. 5,152,749 - This reference generally relates to a surgical apparatus for 
the placement of an instrument within a body cavity which comprises a placement device 
including an elongated element with an exposable tissue piercing tip, a first coupler adjacent to 
the tip and a structure for selectively exposing the tip and an elongated instrument for placement 
including a second coupler adapted to be coupled to the first coupler to effect an end-to-end 
coupling of the device and the instrument whereby the instrument is positioned within the body 
cavity. This reference also discloses a method for placement of a supra pubic instrument. This 
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reference does not appear to teach a shaft having a curved portion in combination with a sling 
assembly. 

10. U.S. Patent No. 5,167,634 - This reference generally relates to a peelable sheath with 
hub connector. The peelable sheath includes a sheath formed of a flexible tube having a pair of 
separation lines arranged longitudinally on radially opposite sides of the tube to form a pair of 
peelable sheath portions and a hub connector bonded to the proximal end of the sheath. In 
particular, as shown in Figure 1, the peelable sheath 10 generally comprises a sheath 12, a pair of 
wings 14 and a hub connector 16. This reference does not appear to teach a shaft having a 
curved portion in combination with a sling assembly. 

1 1 . U.S. Patent No. 5,234,457 - This reference generally relates to a stent assembly, 
delivery system and the method of manufacture therefor. In particular, Figure 1 shows the stent 
10 and Figure 2 shows the stent 10 being compacted into a stent assembly 20. This reference 
does not appear to teach a shaft having a curved portion in combination with a sling assembly. 

12. U.S. Patent No. 5,250,033 - This reference generally relates to a peel-away 
introducer sheath having proximal fitting. The peel-away introducer sheath includes a tube 
sheath having a splittable handle at its proximal end. In particular, as shown in Figure 2, the 
introducer sheath 10 comprises a sheath tube probe and a handle 18 including a first tab 36 and a 
second tab 38. This reference does not appear to teach a shaft having a curved portion in 
combination with a sling assembly. 

13. U.S. Patent No. 5,334,185 - This reference generally relates to a surgical apparatus 
for the placement of an instrument within a body cavity. As disclosed in this reference, the 
instrument preferably is a suprapubic instrument for placement within a bladder. In particular, 
Figure 1 shows a suprapubic instrument placement device 10 includes a handle 12 with the 
central slot 14 therein. The instrument further comprises a rigid needle 20. Figures 1 1 A to 1 1C 
show the placement of the stent 100 for coupling of the kidney 112 and the bladder 122. The 
placement system comprises a guide wire 102 and a cystoscope 124. This reference does not 
appear to teach a shaft having a curved portion in combination with a sling assembly. 
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14. U.S. Patent No. 5,337,736 - This reference generally relates to a retraction method 
and apparatus therefor. The method and apparatus are used for in laparoscopic surgery in the 
body cavity for moving an internal organ or vessel which interferes with the surgery and then 
maintaining it there apart from a laparoscopic port. In particular, Figure 1 shows a sling 10 of 
the invention comprising a web or a membrane 12 with one or more lines or leads 14, 16 
attached one on each end of the sling 10. Further, the forceps 128 is shown in Figure 8 and 
Figure 9 to grip one of the leads 130, 132 of a sling 134. This reference does not appear to teach 
a shaft having a curved portion in combination with a sling assembly. 

15. U.S. Patent No. 5,354,292 - This reference generally relates to a surgical device 
including a specially adapted surgical mesh and a mechanical means for attaching the surgical 
mesh to the pubic bone. The surgical mesh is mechanically attached to the pubic bone by an 
orthopedic scope and the peripheral margins of the mesh are either sutured or stapled to the 
appropriate anatomical structures. This reference does not appear to teach a shaft having a 
curved portion in combination with a sling assembly. 

16. U.S. Patent No. 5,368,595 - This reference generally relates to an implant assist 
apparatus. In particular, Figure 1 A shows a braided tubular ligament prosthesis 21 and a 
substantially leaner cannular 23 enclosing a portion of the prosthesis 21 . This reference does not 
appear to teach a shaft having a curved portion in combination with a sling assembly. 

17. U.S. Patent No. 5,409,469 - This reference generally relates to an introducer system 
having kink-resistant splittable sheaths. As shown in Figure 16, the kink-resistant section 70 has 
a series of pleats 72. The pleats 72 permit kink-resistant sections 70 to bend more readily within 
a body 10 without the formation of kinks as shown in Figure 17. This reference does not appear 
to teach a shaft having a curved portion in combination with a sling assembly. 

18. U.S. Patent No. 5,417,226 - This reference generally relates to a female anti- 
incontinence device including two flexible disks attached to a flexible stem. The device is 
inserted into the urethra so that the larger disk occludes the bladder neck during sudden tensing 
of the abdominal muscles, while the smaller disk remains outside the urethra and prevents 
migration of the device into the bladder. This reference does not appear to teach a shaft having a 
curved portion in combination with a sling assembly. 
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19. U.S. Patent No. 5,562,717 - This reference generally relates to electrical stimulation 
for the treatment of neuromuscular disorders, in particular incontinence. As shown in Figure 27, 
the insertable electrode comprises an inner core formed by material such as a form or 
paper/cotton fiber 100 and an outer conductive sheath 101 of knitted or woven conductive fiber. 
For example, stainless steel fiber or metalized plastic fiber. This reference does not appear to 
teach a shaft having a curved portion in combination with a sling assembly. 

20. U.'S. Patent No. 5,61 1,515 - This reference generally relates to the surgical treatment 
of a stress urinary incontinence. Figure 5 shows a cross-sectional view of a suture passer. This 
reference also teaches a surgical drill guide for drilling a hole in the pubic bone for anchoring 
sutures. This reference does not appear to teach a shaft having a curved portion in combination 
with a sling assembly. 

21 . U.S. Patent No. 5,647,857 - This reference generally relates to a sheath holding a 
device against a balloon catheter for delivery in the lumen of a patient. The device can be a stent 
or graft combination. As shown in Figure 1 , the graft delivery system includes a multi-lumen 
catheter 60 and a sheath 10 holding the stent and graft combination 56 tightly onto the catheter 
60. This reference does not appear to teach a shaft having a curved portion in combination with 
a sling assembly. 

22. U.S. Patent No. 5,935,122 - The reference generally relates to a sheath assembly for 
use in introducing a catheter or other medical instrument into a vessel in the body of a patient. 
The sheath assembly includes an outer tubular member and an inner tubular member with a 
conically shaped cap at its distal end. This reference does not appear to teach a shaft having a 
curved portion in combination with a sling assembly. 

23. DE 43 34 419 Al - This reference generally relates to a surgical aid 1 as shown in 
Figure 1 . The surgical aid 1 has a shaft part 6 with a handle 7 and, at the distal end area of the 
shaft part, a holding device 8 for at least one surgical instrument 2. A protective covering is also 
provided which is formed by a sleeve 9 and which is in the covering position covers the pointed 
end or sharp ends of the surgical instruments 2. This reference does not appear to teach a shaft 
having a curved portion in combination with a sling assembly. 
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24. EP 0 417 1 89 Bl - This reference relates to the field of catheters. In particular, the 
reference relates to catheters which are adapted to be inserted into the urethral lumen to alleviate 
obstructive prostatism, a condition quite common in males over the age of 50. This reference 
does not appear to teach a shaft having a curved portion in combination with a sling assembly. 

25. EP 0 506 920 Bl - This reference generally relates to urinary control. In particular, 
as shown in Figure 1, the urinary control includes a urine tube 12 in which a valve 14 is 
connected. This reference does not appear to teach a shaft having a curved portion in 
combination with a sling assembly. 

26. EP 0 628 288 Bl - This reference teaches a device that provides a precise controlled 
positioning of a treatment stylet in a tissue targeted for treatment destruction or sampling from a 
catheter positioned in the vicinity of the target tissue. The term "stylet" is defined to include 
both solid and hollow probes which are adapted to be passed from a catheter port through normal 
tissue to target tissues. In particular, Figure 7 shows an electrode 32 at least partially covered by 
a sleeve 30. This reference does not appear to teach a shaft having a curved portion in 
combination with a sling assembly. 

27. EP 0 831 751 Bl - This reference generally relates to a urethral cap for alleviating 
urinary incontinence. This reference teaches that the urethral cap can be packaged in a 
surrounding clear plastic container or envelope to maintain the cleanliness of the cap prior to 
usage. This reference does not appear to teach a shaft having a curved portion in combination 
with a sling assembly. 

28. EP 1 321 1 1 1 A2 - This reference generally relates to a self-cleansing bladder 
drainage device. The reference teaches that it may prove efficacious to coat the drain member 
with hydrogel to render it more soft and lubricious to aid in insertion into the urethra. This 
reference does not appear to teach a shaft having a curved portion in combination with a sling 
assembly. 

29. WO 96/01597 - This reference generally relates to a vessel occlusive apparatus for 
reversibly occluding a fluid combing vessel in a human or animal. As shown in Figure 5A and 
5B, the cable member 58 and the sheath 63 are attached proximate at distal end to a pubic bone 
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structure 109 in the body on one side of the urethra 64. The sheath 63 is connect to the conduit 
60 proximate to a proximal end. This reference does not appear to teach a shaft having a curved 
portion in combination with a sling assembly. 

30. WO 96/34587 - As shown in the representative figure, this reference teaches a 
urethral plug 1 comprising a cooperating shaft 12 and a balloon 18. Figure 7 shows a package 
containing a sterile urethral plug 1 . The partially opened package 52 contains the exposed plug 
1 and the package 52 can serve as a protective sheath, thereby preventing human contact with 
the sterile plug 1 while attaching the applicator 40. This reference does not appear to teach a 
shaft having a curved portion in combination with a sling assembly. 

3 1 . WO 96/39227 - This reference generally relates to an intra-urethral catheter shaft 32 
comprising a plurality of lumens extending between the first end and the second end of the shaft 
32. In particular, as shown in Figure 3, a multi-lumen shaft 32 includes several lumens and a 
protective sheath 71 covering outer surface 52 of the catheter shaft 32. This reference does not 
appear to teach a shaft having a curved portion in combination with a sling assembly. 

32. Norris et al., Journal of Endourology, Volume 10, page 227-230, June 1996 - This 
reference is entitled "Use of Synthetic Material in Sling Surgery; A Minimally Invasive 
Approach." This reference teaches affixing a rectangular patch as a sling to allow suspension of 
the bladder neck by securing sutures to the mobilized edge of the periurethral fascia and the 
pubourethral ligament with a running stitch. This reference does not appear to teach a shaft 
having a curved portion in combination with a sling assembly. 

33. Petros and Ulmsten, Scandanavian Journal of Urology and Nephrology Supplement 
153; 1993 - This reference is entitled "Integral Theory and Its Method for the Diagnosis and 
Management of Female Urinary Incontinence." This reference teaches, in Part IV, surgical 
applications of the theory on female urinary incontinence. The surgical applications disclosed 
are pre- 1993 intravaginal slingplasty procedures and the free graft procedures. This reference 
does not appear to teach a shaft having a curved portion in combination with a sling assembly. 

Accordingly, Applicants request that this Petition to Make Special be granted and the 
application undergo accelerated examination. 
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Please charge our Deposit Account No. 1 8-1945 in the amount of $130.00 covering the 
fee set forth in 37 CFR 1 . 1 7(h). The Director is hereby authorized to charge any deficiency in 
the fees filed, asserted to be filed or which should have been filed herewith (or with any paper 
hereafter filed in this application by this firm) to our Deposit Account No. 18-1945, under Order 
No. MIY-P03-006. A duplicate copy of this paper is enclosed. 

Dated: September 10, 2004 Respectfully sytenitted, 

Agnes^ 

Registration No.: 46,862 
ROPES & GRAY LLP 
One International Place 
Boston, Massachusetts 02110-2624 
(617) 951-7000 
(617) 951-7050 (Fax) 
Attorneys/ Agents For Applicants 
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In re Patent Application of: 

Gellman et al. Confirmation No. 9242 

Application No.: 10/774826 Art Unit: 3739 

Filed: February 9, 2004 Examiner: Not Yet Assigned 

For: DEVICES FOR MINIMALLY INVASIVE 
PELVIC SURGERY 



SECOND PRELIMINARY AMENDMENT 

MS Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

INTRODUCTORY COMMENTS 

Prior to examination on the merits, please amend the above-identified U.S. patent 
application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 
of this paper. 

Remarks begin on page 6 of this paper. 
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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

Listing of Claims: 

1-162. (Cancelled). 

163. (New) A system for treating urinary incontinence comprising, 

a shaft having a curved portion; and 

a sling assembly including a sling and a pouch enclosing at least partially the sling, and 
having an end for associating with an end of the shaft. 

164. (New) The system of claim 163, wherein the shaft comprises first and second ends, the first 
end of the shaft attaches to a handle, and the second end of the shaft associates with the sling 
assembly. 

165. (New) The system of claim 163, wherein the shaft comprises a channel located at a distal 
end. 

166. (New) The system of claim 165, wherein the channel is lockable for locking the end of the 
sling assembly in the channel. 

167. (New) The system of claim 166, wherein the channel is releasably lockable. 

168. (New) The system of claim 163 comprising a spring loaded locking mechanism for locking 
the end of the sling assembly in the channel. 

169. (New) The system of claim 163, wherein the sling assembly comprises a sling. 

170. (New) The system of claim 163, wherein the sling assembly comprises an elongated 
extension located at the end of the sling assembly. 

171 . (New) The system of claim 163, wherein the sling assembly comprises an aperture located 
at the end of the sling assembly. 
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172. (New) The system of claim 163, wherein the sling assembly comprises a sling and a pouch 
enclosing at least partially the sling. 

173. (New) The system of claim 172, wherein the pouch comprises an opening intermediate to 
first and second ends of the sling assembly. 

174. (New) The system of claim 172, wherein the pouch is substantially flat. 

175. (New) A system for treating urinary incontinence comprising, 

a shaft having a curved portion and an interlocking mating structure on a distal end of the 
shaft; and 

a sling assembly having a complementary interlocking mating structure. 

176. (New) The system of claim 175, wherein the interlocking mating structure of the shaft is 
inserted into the complementary interlocking mating structure of the sling assembly. 

177. (New) The system of claim 175, wherein the shaft is lockable to the sling assembly. 

178. (New) The system of claim 175, wherein the shaft is releasably lockable to the sling 
assembly. 

179. (New) The system of claim 175, wherein the sling assembly is indirectly connected to the 
shaft. 

180. (New) The system of claim 175, wherein the complementary interlocking mating structure 
is indirectly connected to the sling assembly. 

181. (New) The system of claim 175, wherein the sling assembly comprises a sling. 

182. (New) The system of claim 175, wherein the sling assembly comprises a sling and a pouch 
enclosing at least partially the sling. 

183. (New) The system of claim 182, wherein the pouch comprises an opening intermediate to 
first and second end of the sling assembly. 



3 



Application No.: 10/774826 Docket No.: MIY-P03-006 

184. (New) The system of claim 182, wherein the pouch is substantially flat. 

185. (New) A system for treating urinary incontinence comprising, 

a shaft having a curved portion and a distal end; and 

a sling assembly having an end for receiving the distal end of the shaft. 

186. (New) The system of claim 1 85, wherein the shaft is lockable to the sling assembly. 

187. (New) The system of claim 185, wherein the shaft is releasably lockable to the sling 
assembly. 

1 88. (New) The system of claim 1 85, wherein the sling assembly is indirectly connected to the 
shaft. 

189. (New) The system of claim 185, wherein the sling assembly comprises a sling. 

190. (New) The system of claim 1 85, wherein the sling assembly comprises a sling and a pouch 
enclosing at least partially the sling. 

191. (New) The system of claim 190, wherein the pouch comprises an opening intermediate to 
first and second ends of the sling assembly. 

192. (New) The system of claim 190, wherein the pouch is substantially flat. 

193. (New) A system for treating urinary incontinence comprising, 

a handle; 

a shaft attached to the handle and having a channel located at an end and a curved 
portion; and 

a sling assembly having an end for associating with the channel of the shaft. 

194. (New) The system of claim 193, wherein the channel is lockable for locking the end of the 
sling assembly in the channel. 
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195. (New) The system of claim 193, wherein the channel is releasably lockable. 

196. (New) The system of claim 193 comprising a spring loaded locking mechanism for locking 
the end of the sling assembly in the channel. 

197. (New) The system of claim 193, wherein the sling assembly comprises an elongated 
extension located at the end of the sling assembly. 

198. (New) The system of claim 193, wherein the sling assembly comprises an aperture located 
at the end of the sling assembly. 

199. (New) The system of claim 193, wherein the sling assembly comprises a sling. 

200. (New) The system of claim 193, wherein the sling assembly comprises a sling and a pouch 
enclosing at least partially the sling. 

201. (New) The system of claim 200, wherein the pouch comprises an opening intermediate to 
first and second ends of the sling assembly. 

202. (New) The system of claim 202, wherein the pouch is substantially flat. 



5 



Application No.: 10/774826 



Docket No.: MIY-P03-006 



REMARKS 

Applicants hereby cancel claims 1-162 without prejudice. 

Applicants hereby add new claims 163-202. Support for new claims 163-202 can be 
found throughout the specification of the present application, for example, at pages 23-38 and 
55-63. Accordingly, no new matter is added by the introduction of new claims 163-202. 

In view of the above amendment, Applicants request approval and entry of these 
amendments and allowance of claims 163-202 in due course. 

Applicants believes no fee is due with this preliminary amendment. However, if a fee is 
due, please charge our Deposit Account No. 18-1945, under Order No. MIY-P03-006 from 
which the undersigned is authorized to draw. 



Dated: September 10, 2004 Respectfull^ubmitted, 




By. 

Agnes ! 

RegisWtionNo.: 46,862 
ROPES & GRAY LLP 
One International Place 
Boston, Massachusetts 02110-2624 
(617)951-7000 
(617) 951-7050 (Fax) 
Attorneys/Agents For Applicant 
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I hereby certify that this correspondence is being deposited with the U.S. Postal 
Service with sufficient postage as First Class Mail, in an envelope addressed to: 
MS Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 
22313-1450, on the date shown below. A 



Dated: tf-fD~DV Signature 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and Trademark Office 
is hereby directed to the references listed on the attached PTO/SB/08. It is respectfully 
requested that the information be expressly considered during the prosecution of this application, 
and that the references be made of record therein and appear among the "References Cited" on 
any patent to issue therefrom. 

This Information Disclosure Statement is filed before the mailing date of a first Office 
Action on the merits as far as is known to the undersigned (37 CFR 1.97(b)(3)). 

A summary/abstract translation of the non-English language references is enclosed. 

A copy of each reference on the PTO/SB/08 is attached. 

In accordance with 37 CFR 1.97(g), the filing of this Information Disclosure Statement 
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publication or other information referred to therein is "prior art" for this invention unless 
specifically designated as such. 

It is submitted that the Information Disclosure Statement is in compliance with 37 CFR 
1 .98 and the Examiner is respectfully requested to consider the listed references. 

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to 
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application by this firm) to our Deposit Account No. 1 8-1945, under Order No. MIY-P03-006. 

Dated: September 10, 2004 Respectfully^bmitted, 
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Registration No.: 46,862 
ROPES & GRAY LLP 
One International Place 
Boston, Massachusetts 02110-2624 
(617) 951-7000 
(617) 951-7050 (Fax) 
Attorneys/Agents For Applicant 
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Abstract of DE4334419 

A surgical aid (1) is used for introducing 
pointed and/or sharp surgical instruments (2) 
into the body of a patient and for positioning 
these instruments at an operating site. 
It has a shaft part (6) with handle (7) and, at 
the distal end area of the shaft part, a holding 
device (8) for at least one surgical instrument 
(2). A protective covering is also provided 
which is formed by a sleeve (9) and which in 
the covering position covers the pointed and/or 
sharp ends of the surgical instruments (2). In 
the working position, this protective covering 
can be removed from the handle area. 
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Prufungsantrag gem. § 44 PatG ist gestellt 
(g) Operationshilfsinstrument 

(57) Ein Operations-Hilfsinstrument (1) dient zum Einbringen 
von spitzen und/oder scharfen Operations- We rkzeugen (2) 
in den Korper eines Patienten und zum Positionieren dieser 
Werkzeuge an einer Ope ration sstel I e. 
Es weist ein Schaftteil (6) mit Griff (7) und am distalen 
Endbereich das Schaftteiles eine Halterung (8) fur wenig- 
stens ein Operations-Werkzeug (2) euf. Weiterhin ist eine 
durch eine HGIse (9) gebildete Schutzabdeckung vorgese- 
hen, die in Abdeckstellung die spitzen und/oder scharfen 
Enden der OP-Werkzeuge (2) abdeckt. In Arbeitsstellung ist 
diese Schutzabdeckung vom Griffbereich her entfernbar. 
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Beschreibung 

Die Erfindung bezieht sich auf ein Operationshiifsin- 
strument zum Einbringen von spitzen und/oder schar- 
fen Operationswerkzeugen in den Kflrper eines Patien- 5 
ten und zum Positionieren dieser Werkzeuge an einer 
Operationsstelle, mit einem Griffteil sowie einem 
Schaftteil, insbesondere zum Anschlingen und Trans- 
portieren von Organen, Organteilen und dergleichen 
Korperteilen. 10 

Bei endoskopischen und/oder herkSmmlichen chirur- 
gischen Eingriffen ist es mitunter unentbehrlich, spitze 
oder scharfe Werkzeuge in den zu operierenden Be- 
reich einzubringen, ohne das urn liegende, nicht zu ope- 
rierende Gewebe zu verletzen. Beispielsweise sei die 15 
Orchidopexie genannt, bei der es erforderlich ist, eine 
bzw. zwei Nadeln mit Faden entlang dem Leistenkanal 
uber eine bestimmte Strecke ohne Sicht in den Hoden- 
sack einzubringen, denselben zu durchstechen, urn dann 
den heruntergezogenen Hoden zu pexieren. 20 

Aufgabe der vorliegenden Erfindung ist es, ein Opera- 
tionshilfsinstrument zu schaffen, mit dem spitze bzw. 
scharfe Operationswerkzeuge gefahrlos auch unter be- 
engten Verhaitnissen an den jeweiligen Einsatzort ge- 
bracht werden kdnnen. 25 

Zur Ldsung dieser Aufgabe wird erfindungsgemaB 
insbesondere vorgeschlagen, daB am distalen Endbe- 
reich des Schaftteiles des Instrumentes eine Halterung 
fOr wenigstens ein Operations- Werkzeug vorgesehen 
ist und daB das Operationswerkzeug im Bereich seines 30 
spitzen und/oder scharfen Endes eine in Arbeitsstellung 
entfernbare Schutzabdeckung aufweist 

Die Schutzabdeckung befindet sich beim EinfOhren 
und Positionieren des Instrumentes uber den Arbeitsen- 
den des oder der Werkzeuge. Die Werkzeuge kdnnen so 35 
auch entlang von engen, zum Beispiel schlauchfflrmigen 
Kdrperhdhlungen gefOhrt werden ohne daB dabei die 
Gefahr des Einhakens und damit eine Verletzungsge- 
fahr besteht Am Operationsort beziehungsweise je- 
weils dort, wo die gehaltenen Werkzeuge aktiviert wer- 40 
den, kann die Schutzabdeckung so weit entfernt werden, 
daB die Werkzeuge dann einsetzbar bzw. handhabbar 
sind. 

Bevorzugt ist das Operationshilfsinstrument fur die 
Pexie einsetzbar, wo ein Kdrperteil oder dergleichen 45 
mit einem Faden angeschlungen und dann transportiert 
und gegebenenfalls f estgelegt wird. 

ZweckmaBigerweise ist die Schutzabdeckung durch 
eine auf dem Schaftteil verschiebbare HOlse gebildet 
Eine solche Schutzabdeckung laBt sich einfach realisie- 50 
ren und bietet praktisch einen w Rundumsch,utz w mit be- 
sonders hoher Sicherheit gegen BerOhrung der ge- 
schOtzten Werkzeuge. 

Eine bevorzugte AusfQhrungsform der Erfindung 
sieht vor, dafl als Operations- Werkzeuge wenigstens ei- 55 
ne, vorzugsweise zwei Nadeln vorgesehen sind, die in 
Transportstellung in seitlichen, axial orientierten Auf- 
nahmenuten des Schaftteiles eingesetzt und gehalten 
sind und mit ihren Nadelspitzen Ober das distale Schaft- 
ende fiberstehen und daB die Schutzabdeckungs-HOlse 60 
bis Ober die Nadelspitzen verschiebbar ist 

Dieses Operationshilfsinstrument kann insbesondere 
auch gut fur die Orchidopexie eingesetzt werden, da 
hierbei die am hochstehenden Hoden angeschlungenen 
Faden mit den Nadeln von der Leiste her in den Hoden- 65 
sack hinein und mit Hilfe der Nadeln nach auBen ge- 
bracht werden kdnnen, so daB kein Operationsschnitt 
im Hodensackbereich erforderlich ist. 
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Somit ist unter anderem der Operationsvorgang ins- 
gesamt wesentlich vereinfacht 

ZweckmaBigerweise ist die Schutzabdeckungs-HOlse 
mittels eines beim Griffteil befindlichen Fingergriffes 
oder dergleichen betatigbar. Dadurch ist eine BetSti- 
gung der durch den distalen Endbereich der HOlse gebil- 
deten Schutzabdeckung von auBen her auch ohne direk- 
te Sicht oder direkten Zugriff des Werkzeuges moglich. 
Die Obertragung vom Fingergriff zur Schutzabdeckung 
erfolgt iiber die zum Fingergriff hin verlangerte Hulse. 

Zusatzliche Ausgestaltungen der Erfindung sind in 
den weiteren UnteransprOchen aufgefOhrt Nachste- 
hend ist die Erfindung mit ihren wesentlichen Einzelhei- 
ten anhand der Zeichnungen noch naher erlautert 

Es zeigt 

Fig. 1 eine perspektivische Ansicht eines Operations- 
Hilfsinstrumentes, zum Teil im Schnitt dargestellt und 

Fig. 2 bis 4 die wesentlichen Einzelteile des in Fig. 1 
gezeigten Instrumentes mit Schaftteil (Fig. 2), Hulsent- 
eil (Fig. 3) und Druckfeder (Fig. 4). 

Ein in Fig. 1 gezeigtes Operations-Hilfsinstrument 1 
dient zum Einbringen von spitzen und/oder scharfen 
Operations-Werkzeugen 2 in den Korper eines Patien- 
ten und zum Positionieren dieser Werkzeuge an einer 
Operationsstelle. Im dargestellten Ausfilhrungsbeispiel 
sind als Operations-Werkzeuge zwei Nadeln 3 vorgese- 
hen. 

Diese Nadeln 3 sind am distalen Ende 4 des Hilfsin- 
strumentes in eine Halterung eingesetzt In Transport- 
stellung sind die Nadeln 3 durch eine Schutzabdeckung 
5, die in Fig. 1 strichliniert angedeutet ist, abgeschirmt. 
Diese Schutzabdeckung laBt sich so weit zurQckziehen, 
daB die Nadeln 3 in Manipulierstellung zumindest mit 
ihren freien Endbereichen freiliegen. 

Die wesentlichen Einzelteile des Hilfsinstrumentes 1 
sind in den Fig. 2 bis 4 dargestellt Es sind dies ein 
Schaftteil 6 (Fig. 2) mit Griff 7 und Werkzeug- Halte- 
rung 8, weiterhin eine Schutzabdeckungs-HOlse 9 
(Fig. 3) mit einem Fingergriff 10 sowie eine Druckfeder 
11 (Fig. 4). 

Die Halterung 8 am distalen Ende des Schaftteiles 6 
ist im wesentlichen durch zwei etwa diametral gegen- 
uberliegende Aufnahmenuten 12 sowie zwei im Bereich 
der Aufnahmenuten 12 befindliche Halteringe 13 gebil- 
det. 

Bei der Montage der Einzelteile des Hilfsinstrumen- 
tes wird zuerst die Druckfeder 11 auf das Schaftteil 6 
und anschlieflend die Schutzabdeckungs-HOlse 9 vom 
distalen Ende 4 her aufgeschoben. In Funktionsstelhing 
stOtzt sich dann die Druckfeder 11 einerseits am Griff 7 
und andererseits am aufleren Ende der HOlse 9 bzw. 
dem Fingergriff 10 ab. Durch diese Druckfeder wird die 
HOlse, bezogen auf die gehaltenen Werkzeuge 2 in 
SchlieBstellung gehalten. Durch Betatigen des Finger- 
griffes 10 kann die Hulse 9 zum Griff 7 hin zurOckgezo- 
gen werden, so daB dann die Endbereiche der Werkzeu- 
ge freigegeben sind. 

Zumindest in der Abdeckstellung der HOlse 9 kann 
sich eine Rasteinrichtung in Eingriff befinden, so daB 
diese Stellung etwas abgesichert ist, bei Betatigen des 
Fingergriffes 10 andererseits aber auch leicht Oberwun- 
den werden kana Gleiches gilt auch fur eine Zwischen- 
stellung bzw. eine Freigabestellung. 

Die Nadeln 3 kOnnen vom freien Ende des Schafttei- 
les 6 her in die Aufnahmenuten 12 eingeschoben werden 
und werden dort durch die Halteringe 13 klemmend 
gehalten. 

Das mit zwei Nadeln 3 als Operations-Werkzeugen 
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ausgestattete Hilfsinstrument laBt sich besonders gut 
fur die Orchidopexie einsetzen. Die Aufgabe besteht in 
diesem Falle darin, einen hochstehenden Hoden durch 
den Leistenkanal in den Hodensack zu transportieren 
und dort zu fixieren. Bislang war es dazu erforderlich, im 5 
Bereich des hochstehenden Hodens den Leistenkanal zu 
offnen und den Hoden an einen Faden anzuschiingea 
Vom gedffneten Hodensack her wurde dann eine lange 
Faflzange eingeffihrt und fiber den Leistenkanal bis zu 
dem hochstehenden Hoden geffihrt Die Faden wurden 10 
dann gefaBt und der daran angeschlungene Hoden nach 
unten in den Hodensack gezogea Es sind somit Opera- 
tionsschnitte sowohl im Bereich des Hodensacks als 
auch im Leistenbereich erforderlich und auBerdem stellt 
das Einffihren der FaBzange eine recht umstandliche 15 
Manipulation dar. 

Mit dem erfindungsgemaBen Operations- Hilfsinstru- 
ment wird nun nur noch im Leistenbereich, dort wo der 
hochstehende Hoden sitzt, ein Operationsschnitt ausge- 
ffihrt Der hochstehende Hoden mit dann mit Hilfe der 20 
zwei Nadeln 3 und einem Faden angeschlungen. Die 
beiden fiber den Faden verbundenen Nadeln 3 werden 
dann in die Halterung 8 des Hilfsinstrumentes 1 einge- 
setzt und durch die Httlse 9 geschiitzt durch den Leisten- 
kanal bis in den Hodensack transportiert Dort wird die 25 
Hfllse 9 so weit zurfickgezogen, daB mit Hilfe der beiden 
Nadeln 3 der Hodensack von innen nach auBen durch- 
stochen werden kana Die beiden Nadeln werden dann 
von auBen gefaBt und fiber den daranhangenden Faden 
wird der hochstehende Hoden durch den Leistenkanal 30 
in den Hodensack gezogea 

Mit Hilfe des Fadens laBt sich dann der heruntergezo- 
gene Hoden im Hodensack fixieren. 

Insbesondere ffir die Orchidopexie ist das Schaftteil 6 
in Anpassung an den Verlauf des Leistenkanales pas- 35 
send gebogen, wie dies gut auch in Fig, 2 erkennbar ist. 
Das Schaftteil 6 kann beispielsweise aus einem etwa 
4 mm dickem Rundmaterial bestehen und eine Lange 
von beispielsweise 18,5 cm aufweisea Die Krfimmung 
kann bei dieser Lange etwa 50° betragen. 40 

Die Hfilse 9 ist in gleichem MaBe gebogen wie das 
Schaftteil 6 und besteht vorzugsweise aus V4a-Rohr. 
Der Innendurchmesser kann beispielsweise 5 mm und 
der AuBendurchmesser 6 mm betragen. 

Insgesamt ist somit das Hilfsinstrument vergleichs- 45 
weise schlank ausgebildet und kann deshalb problemlos 
durch den Leistenkanal geffihrt werden. 

AuSer zur Orchidopexie laBt sich das Hilfsinstrument 
in gegebenenfalls etwas abgewandelter Ausffihrungs- 
form auch ffir andere Operationen verwendea Bei- 50 
spielsweise laflt sich ein Organ oder Organteil an einer 
bestimmten Stelle der Bauchdecke befestigen, indem 
diese mit Hilfe der Nadeln 3 durchstochen wird und 
dann auBenseitig ein Fixieren des innen angeschlunge- 
nenTeiles vorgenommen wird 55 



419 Al 

4 

vorgesehen ist und daB das Operations-Werkzeug 
im Bereich seines spitzen und/oder scharfen Endes 
eine in Arbeitsstellung entfernbare Schutzabdek- 
kung (9) aufweist 

2. Hilfsinstrument nach Anspruch 1, dadurch ge- 
kennzeichnet, daB die Schutzabdeckung durch eine 
auf dem Schaftteil (6) verschiebbare Hfilse (9) gebii- 
detist 

3. Hilfsinstrument nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, dafl als Operations-Werkzeuge (2) 
wenigstens eine, vorzugsweise zwei Nadeln (3) vor- 
gesehen sind, die in Transportstellung in seitlichen, 
axial orientierten Aufnahmenuten (12) des Schaft- 
teiles (6) eingesetzt und gehalten sind und mit ihren 
Nadelspitzen fiber das distale Schaftende (4) uber- 
stehen und daB die Schutzabdeckungs-Hfilse (9) bis 
fiber die Nadelspitzen verschiebbar ist 

4. Hilfsinstrument nach einem der Ansprfiche 1 bis 

3, dadurch gekennzeichnet, daB zum klemmenden 
Halten der in den Aufnahmenuten (12) befindlichen 
Nadeln (3) oder dergleichen Werkzeuge wenig- 
stens ein das Schaftteil (6) im Bereich der Aufnah- 
menuten umgreifender Haltering (13) vorgesehen 
ist 

5. Hilfsinstrument nach einem der Ansprfiche 1 bis 

4, dadurch gekennzeichnet, daB die beiden Nadeln 
(3) mit den Enden eines gemeinsamen Fadens ver- 
bunden sind. 

6. Hilfsinstrument nach einem der Ansprfiche 1 bis 

5, dadurch gekennzeichnet, daB die Schutzabdek- 
kungs-Hfilse (9) mit einem beim Griffteil (7) befind- 
lichen Fingergriff (10) oder dergleichen betatigbar 
ist 

7. Hilfsinstrument nach einem der Ansprfiche 1 bis 

6, dadurch gekennzeichnet, daB die Schutzabdek- 
kungs-Hfilse (9) durch Federkraft in Abdeck- bzw. 
Schutzlage gehalten ist und gegen diese Federkraft 
in Freigabeposition verschiebbar ist und daB als 
Ruckstellfeder vorzugsweise eine beim Griffteil 
zwischen diesem und dem Fingergriff (10) auf dem 
Schaftteil (6) gelagerte Druckfeder (11) vorgesehen 
ist 

8. Hilfsinstrument nach einem der Ansprfiche 1 bis 

7, dadurch gekennzeichnet, daB die Lange des 
Schaftteiles (6) etwa 10 cm bis 20 cm betragt und 
daB der Schaftdurchmesser vorzugsweise etwa 
4 mm und der Durchmesser der Schutzabdek- 
kungs-HQlse (9) vorzugsweise etwa 6 mm betragt 

9. Hilfsinstrument nach einem der Ansprfiche 1 bis 

8, dadurch gekennzeichnet, daB der Schaftteil (6) 
und dergleichen im Verlauf seiner Langserstrek- 
kung gekrfimmt ausgebildet ist 
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Patentansprfiche 

1. Operations-Hilfsinstrument zum Einbringen von 
spitzen und/oder scharfen Operations-Werkzeu- w 
gen in den Kfirper eines Patienten und zum Positio- 
nieren dieser Werkzeuge an einer Operationsstelle, 
mit einem Griffteil sowie einem Schaftteil, insbe- 
sondere zum Anschlingen und Transportieren von 
Organen, Organteilen und dergleichen Kflrpertei- 65 
len, dadurch gekennzeichnet, daB am distalen 
Endbereich (4) des Schaftteiles (6) eine Halterung 
(8) ffir wenigstens ein Operations-Werkzeug (2) 
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Description 

Background of the Invention 

The present invention relates generally to the field 
of catheters. More specifically, the present invention 
relates to catheters which are adapted to be inserted 
into the urethral lumen to alleviate obstructive pros- 
tatism, a condition quite common in males over the age 
of 50. 

"me prostate is a somewhat pear-shaped gland that 
extends around the urethral lumen from the neck of the 
bladder to the pelvic floor. Because of the close relation- 
ship of the prostate to the urethra, enlargement of the 
prostate, usually referred to as hypertrophy or hyperpla- 
sia, may fairly quickly obstruct the urethra, particularly if 
the hyperplasia occurs close to the lumen. Such an 
obstruction inhibits normal micturition, which causes an 
accumulation of urine in the bladder. 

The surgical treatment of hyperplasia of the pros- 
tate gland has been a routine procedure in the operating 
room for many years. One method of surgical treatment 
is open prostatectomy whereby an incision is made to 
expose the enlarged prostate gland and remove the 
hypertrophied tissue under direct vision. Another 
method of treating obstructive prostatism is a technique 
known as transurethral resection. In this procedure, an 
instrument called a resectoscope is placed into the 
external opening of the urethra and an electrosurgical 
loop is used to carve away sections of the prostate 
gland from within the prostatic urethra under endo- 
scopic vision. 

The technique of transurethral resection offers 
many benefits to the patient as compared to open pros- 
tatectomy. Using this technique, the trained urologist 
can remove the hypertrophied prostate with less patient 
discomfort, a shorter hospital stay and tower rates of 
mortality and morbidity. Over 333,000 patients under- 
went this procedure in the United States in 1985, with 
an average hospital stay of six days. Notwithstanding 
the significant improvement in patient care resulting 
from the widespread application of transurethral resec- 
tion, there remains a need for a less invasive method of 
treating the symptoms of prostate disease. 

One of the earliest methods of relieving acute uri- 
nary retention, a symptom associated with prostate dis- 
ease, was the placement of a catheter through the 
external urethral opening into the bladder, thereby 
allowing the outflow of urine from the bladder by way of 
the catheter lumen. These urinary catheters typically 
employ a balloon at the tip which, when inflated, pre- 
vents the expulsion of the catheter from the body. How- 
ever, due to problems of infection, interference with 
sexual activity, and maintenance involved with such 
catheters, they are generally unacceptable for long term 
treatment of micturition problems. 

U.S. Patent No. 4,432,757 to Davis, Jr. teaches the 
use of an indwelling urethral catheter assembly, having 
a Foley-type balloon disposed near the distal end 



thereof and a substantially non-compliant balloon lead 
shaft proximate to the Foley-type balloon. The device is 
adapted to be inserted through the urethra up into the 
bladder. The Foley-type balloon and the balloon lead 

5 shaft are then inflated, although the balloon lead shaft 
remains relatively non-compliant and therefore does not 
expand appreciably. Gentle traction is then applied to a 
catheter sleeve head to sever the sleeve from the 
remainder of the catheter, leaving the balloon lead shaft 

10 in position within the urethra. 

Another method of treating hypertrophy of the pros- 
tate gland without the need for surgery has been to 
inject medications into the prostate gland by means of a 
catheter. Such a device is disclosed in U.S. Patent No. 

75 550,238 to Allen, wherein two balloons are disposed 
along two sections of a catheter, and inflated to isolate 
an area within the urethra prior to the injection of the 
medication. However, these injections are frequently 
ineffective as the prostate gland exhibits only a limited 

20 ability to absorb the injected antibiotics, and proper 
positioning and retaining of the catheter with respect to 
the affected area is extremely difficult. 

A substantial improvement in an apparatus and cor- 
responding method of treatment for obstructive pros- 

25 tatic hypertrophy is disclosed in Klein, U.S. Patent No. 
4,660,560 from which the generic part of claim 1 is 
derived. In Klein's method, a calibrating catheter is used 
to measure the distance between the neck of the blad- 
der and the bottom of the prostate gland. A dilation cath- 

30 eter, having an annular balloon with a length equivalent 
to the measured length, and a Foley-type balloon at the 
distal end thereof is then inserted into the urethra until 
the Foley-type balloon is within the bladder. The Foley 
balloon is then inflated in the bladder and is used to 

35 position the dilation balloon in the prostrate. The latter 
balloon is then inflated, to force the prostate away from 
the urethral lumen. Use of the Klein catheter can effec- 
tively eliminate uncertainty regarding positioning of the 
upper (distal) end of the dilation balloon, thereby signif- 

40 icantly facilitating the treatment of prostatic hypertrophy. 
In practicing the Klein method, after the calibration 
catheter is used to measure the length of the affected 
prostate, it is withdrawn from the urethra, and the dila- 
tion catheter is then inserted. Proper insertion of the 

45 dilation catheter is crucial, as stretching of the external 
urethral sphincter muscle, which lies just below the 
prostate, could cause incontinence. 

Accordingly, in practicing the method of the Klein 
patent, there is a need for a method and apparatus to 

so permit effective and sure positioning of the proximal end 
of the dilation balloon with respect to the external ure- 
thral sphincter. There is a particular need to permit vis- 
ualisation of the balloon placement in vivo during the 
course of the surgical procedure. 

55 Briefly, the present invention provides an intralumi- 
nal dilation apparatus according to Claim 1 . 

Preferably, the dilation catheter is provided with an 
expandable locating balloon, disposed near the distal tip 
of the catheter which, when inflated within the bladder. 
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will provide an anchor with the bladder neck. At least 
one dilation balloon is preferably provided on the cathe- 
ter, proximate the locating balloon which, when inflated, 
conforms to a preselected configuration, so as to radi- 
ally outwardly dilate the obstruction away from the ure- $ 
thral lumen. 

In use, the symptoms of obstructive prostatism are 
treated by dilation of the prostatic urethra, comprising 
the steps of inserting the dilation means into the ure- 
thra. The location of the dilation means within the ure- 10 
thra is adjusted with respect to an anatomical landmark 
using non-radiological locating means, i.e. the visible 
indicator and the dilation means is thereafter expanded 
so as to radially outwardly dilate the prostatic urethra. 

Further objects, features and other advantages of is 
the present invention will become apparent from the 
ensuing detailed description of preferred embodiments, 
by way of example only, considered together with the 
appended drawings. 

20 

Figure 1 is a perspective view of a dilation catheter 
and sheath assembly in accordance with one 
embodiment of the present invention; 
Figure 2 is a partial assembly view of the clipping 
mechanism; 25 
Figure 3 is a perspective view of a septum, showing 
an inwardly extending boot sleeve in cut away; 
Figure 3a is a perspective view of a second type of 
septum, having both boot sleeves projecting out- 
wardly; 30 
Figure 4 is an end view of the sheath, showing the 
unique ellipsoid shape of the inner walls thereof; 
Figure 5 is a perspective view of the tip of the 
sheath, as being deformed by a once-inflated dila- 
tion balloon, so as to guide the balloon into the 35 
sheath before removal from the urethral lumen; 
Figure 6 is a side view of the tip of an obturator; 
Figure 7 is a side view of the sheath, having an 
obturator disposed therein, as ready for insertion 
into the urethra; <o 
Figure 8 is a cross-sectional view, taken along line 
8-8 of Figure 7, showing in more detail the obturator 
removably disposed therein; 
Figure 9 is a cross-sectional view, illustrating a 
plastic manifold disposed at the proximal end of the 45 
dilation catheter during the molding process; 
Figure 10 is a cross-sectional view, taken along line 
10-10 of Figure 11, showing the lumen arrange- 
ment within the catheter shaft; 
Figure 1 1 is a side view of a dilation catheter, hav- so 
ing a stylet removably inserted therein; 
Figure 12 is a cross-sectional view, taken along line 
12-12 of Figure 11, showing the overlap of the 
shoulder of the locating balloon with the shoulder of 
the dilation balloon; 55 
Figure 13 is a side view of a dilation balloon, in an 
inflated state, exhibiting a squared-off configuration 
at one end, and a tapered configuration at the 
opposite end thereof, in accordance with one 



embodiment of the present invention; 

Figure 14 is a side view of a dilation balloon, having 

both ends in a tapered configuration, in accordance 

with an alternative embodiment of the present 

invention; 

Figure 15 is a side view of a calibration catheter, 
showing a partial cut away view of an inflation aper- 
ture for the expandable balloon; 
Figure 16 is a magnified view of the marking dis- 
posed near the proximal end of the dilation balloon 
showing clearance of the external sphincter mus- 
cle; and 

Figure 17 is a cross-sectional view of the urethral 
dilation catheter of the present invention operatively 
inserted within the male urinary tract. 
Figure 1 8 is a perspective view of a dilation catheter 
having an interna) obturator thereon. 
Figure 1 9 is a perspective view of a dilation appara- 
tus having a locking bridge. 
Figure 20 is an enlarged perspective view of a lock- 
ing bridge. 

Referring now to the drawings in detail, wherein like 
reference numerals designate like elements throughout 
the several views thereof, there is shown generally at 10 
in Fig. 1, a dilation catheter and sheath assembly 
embodying the present invention in a preferred form. 
The sheath 12 is advantageously a substantially rigid, 
axially elongate hollow shaft throughout most of its 
length, but having a flexible distal tip 14. The sheath 12 
exhibits an inner surface 16 which is substantially ellip- 
soid, in cross-section, and is adapted to receive and 
guide an axially elongate catheter 18 and an endoscope 
20 longitudinally therethrough. Advantageously, the par- 
ticular endoscope used is known as a cystoscopy 

In one embodiment of the invention, a cylindrical 
housing 22, disposed near the base of the sheath, 
exhibits a pair of grooves 24, formed upon two flattened 
surfaces 26 of the cylindrical housing 22, on opposite 
sides thereof. An end view of the cylindrical housing 22, 
as shown in Fig. 4, illustrates the ellipsoid shape of the 
inner wails 16 of the sheath 12, and the flattened side 
surfaces 26 thereof. A U-shaped clip 28 is integrally 
connected to the top of an inflation device 30 and is 
adapted to removably receive and retain the cylindrical 
housing 22 so as to enable the device 1 0 to be operated 
by one person, without the need for assistance. The 
removable attachment of the sheath 12 to the U-shaped 
clip 28 is illustrated in Figure 2. A C-shaped clip 32 may 
also be provided on the body of the inflation device 30, 
to removably receive and retain the catheter 18 therein 
and provide additional support tor the proximal end of 
the device, thus controlling the catheter so it does not 
interfere with the eyepiece of the endoscope. 

Situated on the underside 36 of the cylindrical 
housing 22 is a drainage port 38, having a cock valve 40 
secured therein. The cock valve 40 is adapted to allow 
back-flowing fluids to escape the sheath 12 when posi- 
tioned in the "on" position, and to prohibit the release of 
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such fluids when in the "off position. 

The cylindrical housing 22 includes a hub portion 
42, disposed at the proximal end thereof. A rubberized 
septum 44, preferably formed from a silicon rubber com- 
pound, is detachably placed onto the hub 42 of the 5 
cylindrical housing 22 so as to provide a seal therefor. 
As best seen in Figures 3 and 3a, the septum 44 is a cir- 
cular cap 46, having a pair of boot sleeves 48, 50 inte- 
grally connected to the proximal end of the cap 46. In 
one embodiment, the septum 44 exhibits an outwardly 
extending boot sleeve 48 an inwardly extending boot 
sleeve 50. The boot sleeves 48, 50 are adapted to 
receive the cystoscope lens 20 and the dilation catheter 
1 8, and provide the septum 44 with elasticity at the point 
of contact therebetween. Without the presence of such 
sleeves, the rubberized septum 44 would itself deform if 
a force were applied to either the catheter 18 or cysto- 
scope lens 20, thereby detracting from the septum's 
sealing ability. Further, the boot sleeves 48, 50 are 
adapted to readily adjust to and grip the outer diameter 
of the catheter 18 and lens 20 to yield a good seal ther- 
ebetween. In an alternative embodiment, as shown in 
Figure 3a, both of the boot sleeves 52, 54 extend out- 
wardly from the septum cap 44. This embodiment is 
possible only when there exists sufficient room on the 
outside of the septum, such that a sharing of a common 
wall between the two sleeves is not necessitated. 

As best seen in Figure 11, the dilation catheter 18 
of the present invention comprises an axially elongate 
catheter shaft 56, having a tapered guiding end 58, and 
a plurality of parallel conduits disposed therein. Situated 
near the guiding end 58 of the catheter shaft 56 is a 
locating balloon 60. The locating balloon 60 is a small 
latex Foley-type balloon, adapted for inflation by a 
source of pressurized fluid. Adjacent the locating bal- 
loon 60 is a larger dilation balloon 62, having a proximal 
shoulder 64 and a distal shoulder 66. 

A feature of this invention is that the distal shoulder 
66 of the dilation balloon 62 is overlapped by a portion 
of the locating balloon 60. such that, when the balloons 
are expanded, a minimal valley is left between the two 
balloons. Both of the balloons 60. 62 are bonded to the 
outer perimeter of the catheter shaft 56 by suitable 
adhesive or thermal process. In a similar manner, more 
than one axially adjacent dilation balloons can be pro- 
vided on the dilation catheter, each provided with a 
unique inflation lumen extending through the catheter to 
a selectively controllable pressure source. The use of 
two or three or more dilation balloons permits control 
over the effective length of the dilation region of the 
catheter, as will be understood by one of skill in the art. 

While the overlap of the locating balloon 60 onto the 
shoulder 66 of the dilation balloon 62 increases the area 
of dilation by minimizing the distance between the locat- 
ing balloon 60 and the dilation balloon 62, suboptimal 
dilation of the affected prostatic urethra 68 still exists 
due to the tapered nature of expandable balloons, com- 
monly used in dilation processes. To achieve optimal 
dilation near the ends 70, 72 of the affected prostatic 



urethra 68, the dilation balloon 62 can be molded with a 
steep, squared off end 74, as illustrated in Figure 13. 
Depending on the nature of the affected area of the pro- 
static urethra 68, it may be desirable to enable urethral 
dilation very close to the bladder neck 72 or the external 
sphincter muscle 70. Accordingly, either end of the dila- 
tion balloon 62, neither end, or both ends may be pro- 
vided with a substantially vertical configuration as 
illustrated in Figures 13, 14 and 17. 

A material which is well adapted to construction of 
the dilation balloon 62 of the present invention is poly- 
ethylene terephthalate (PET), such as KODAK'S 9921 
(TM). Preferably, the balloon 62 is extruded in a straight 
pipe corrf iguratidn and then stretched and blown under 
high temperature and pressure to yield the desired 
shape 74. This type of technique is commonly applied in 
the making of angioplasty balloons. It should be noted 
that the PET material used to construct the dilation bal- 
loon exhibits superior tensile strength characteristics to 
that of materials used in manufacturing other types of 
dilation balloons, for example older angioplasty bal- 
loons. The PET material used to construct the dilation 
balloon of the present invention has a tensile strength of 
between 1.4 x 10 8 and 3.5 x 10 8 Nm* 2 (20,000 and 
50,000 psi), and is rated to withstand at least 3 bar 
(atmospheres) of pressure, and as much as 5 bar (atm). 

If a rubberized latex material were used to fabricate 
the dilation balloon of the present invention, the walls of 
the balloon would necessarily be much thicker in order 
to withstand the exceedingly high pressures required for 
adequate dilation of the affected prostatic urethra. Thus, 
the PET material, by virtue of its superior strength, 
allows a thinner balloon to be utilized. The thinness of 
the balloon thus formed, makes possible a dilation bal- 
loon 62 which, in an uninflated state, conforms to the 
external walls of the catheter shaft 56, thereby providing 
a dilation catheter 18 having substantially the same size 
and shape as the unstretched lumen. However, the 
increased strength of the material also dictates a bal- 
loon which is somewhat stiff and substantially less plia- 
ble than a latex balloon. 

Consequently, when negative pressure is applied to 
collapse the dilation balloon 62 made of the PET mate- 
rial, sharp ridges may form on the exterior surface 
thereof. Advantageously, the distal tip 14 of the intro- 
duction sheath 12 is formed of a flexible material, which 
readily deforms to the gross contours of the deflated 
dilation balloon 62, so as to coerce the balloon 62 into 
the introduction sheath 12 prior to the withdrawal of the 
catheter 18 from the urethra Preferably, the tip 14 is 
formed from a substantially malleable Poly Vinyl Chlo- 
ride (PVC) compound, which is RF welded to rigid shaft 
portion 12 of the sheath. 

To ensure that the catheter 18 is fully within the 
introduction sheath 12 prior to the withdrawal thereof a 
second, visible indicator, such as the marking 78 on the 
exterior shaft 56 of the catheter 18 is provided. As the 
catheter shaft 56 and deflated dilation balloon 62 are 
gradually withdrawn from the urethra, the marking 78 
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will be advanced out of the sheath 12. When the desig- 
nated marking 78 becomes visible, the catheter 18 is 
fully retracted within the sheath 12, and the device 10 
may be withdrawn, without causing undue trauma to the 
urethral lumen. s 

As best seen in cross-section in Figure 10, the cath- 
eter shaft 56 houses a pair of circular inflation conduits 
80, 82 and an irrigation conduit 84. The inflation conduit 
80 having an aperture 86 underlying the locating bal- 
loon 60 exhibits a tubular passageway which permits 
pressurized fluid to be transmitted into the chamber 
enclosed by the locating balloon 60 , so as to selectively 
inflate the balloon 60 to a suitable level. Likewise, the 
inflation conduit 82 having a pair of inflation apertures 
90, 92 underlying the dilation balloon 62 allows pressu- 
rized fluid to selectively fill the balloon 62 to a desired 
level. 

To facilitate inflation of the locating balloon 60, a 
simple fluid valve 94 may be connected to the proximal 
end of the conduit 80. This valve 94 is integrally con- 
nected to the inflation conduit 80 and may be easily 
manipulated to allow quick sealing of the conduit 80 and 
maintain the pressurized fluid within the balloon cham- 
ber 60 and the conduit 80. The locating balloon 60 may 
be pressurized by inserting a hypodermic syringe (not 
shown) into the valve 94, with the valve 94 in its open 
condition. By forcing fluid into the conduit 80, the locat- 
ing balloon 60, at the distal end of the inflation conduit 
will be inflated. The valve 94 may then be closed, and 
the hypodermic syringe removed, leaving the locating 
balloon 60 in an inflated state. 

Since inflation of the dilation balloon 62 is more crit- 
ical, the source of pressurized fluid 98 used to inflate the 
dilation balloon 62 is connected to a pressure gauge 
100. Preferably, the inflation device 98 includes a 
syringe barrel 102 having a threaded rod and ratchet 
mechanism 104 which replaces the conventional 
plunger. This configuration allows fine tuning of the 
pressure amassed within the dilation balloon 62 by 
screw turning the threaded rod 104. It has been deter- 
mined that an intra-balloon pressure of approximately 3 
bar (atm.) (or 45 p.s.i.g.)is sufficient to force the prostate 
away from the urethral lumen to relieve the obstruction 
and reestablish normal micturition. 

As a further alternative, the dilation catheter of the 
present invention can be configured to carry an expand- 
able implantable stent over the dilation region thereof. 
This embodiment of the present invention would permit 
both expansion of the urethra and leaving behind of an 
expanded intraluminal support to ensure long-term pat- 
ency of the urethra. The use of such implantable stents 
is disclosed in detail in U.S. Patent No. 4,762,128 
issued to Robert F. Rosenbluth on August 9, 1988. 

The catheter comprises a radially expandable 
region near the distal end thereof which, in its unex- 
panded state, has an outer diameter that is preferably 
slightly smaller than the outer diameter of the adjacent 
region of the catheter. Thus, the collapsed expaindable 
region forms the bottom of an annular depression about 



the catheter. 

The stent is removably, coaxially disposed about 
the expandable region of the catheter and within the 
annular depression formed therearound, and is control- 
lably radially outwardly expandable in response to pres- 
sure from the expandable region of the catheter. When 
the stent is coaxially disposed about the expandable 
region of the catheter, and in an unexpanded state, the 
outer diameter of the unexpanded stent is approxi- 
mately the same as or less than the outer diameter of 
the adjacent region of the catheter. Preferably, the distal 
end of the catheter comprises a flexible, resilient mate- 
rial in a shape to facilitate insertion into and negotiation 
of a collapsed lumen with minima) trauma to the lining 
thereof. Alternatively, for use with an introduction 
sheath, the stent may extend radially outwardly of the 
adjacent catheter shaft in the unexpanded state. 

The radially outwardly expandable tubular stent for 
restoring patency to a collapsed portion of the urethral 
lumen comprises a material that is compatible with the 
urethral environment, and is capable of remaining in its 
expanded state following removal of the expansion 
catheter described above, thereby holding open the 
lumen of the urethra against a restricting pressure, such 
as that exerted by a hypertrophied prostate gland. The 
cross section of the expanded stent may be circular, or 
may also be a non-circular configuration which more 
closely corresponds to the shape of the normal lumen 
within the urethra. One embodiment of the stent in its 
expanded state comprises a substantially uniform 
cross-sectional area throughout its axial length. In 
another embodiment, the stent comprises a smaller 
cross-sectional area at its axial ends than in the central 
region thereof. In addition, the axial end regions of the 
stent may comprise a flexible material, or may taper in a 
radial inward direction thereby easing the transition from 
the lumen of the stent to the lumen of the urethra. 

Referring to Figures 11 and 16, near the proximal 
end of the dilation balloon 62, and encircling the proxi- 
mal shoulder 64 thereof, is a heavy black line 106 for 
use with the cystoscope embodiment of the present 
invention. Prior to inflating the dilation balloon 62, care 
should be taken to ensure that the black line 106 does 
not extend onto any portion of the external urethral 
sphincter muscle 108. This is vitally important as acci- 
dental dilation of the sphincter 108 may cause the 
patient to lose voluntary control over micturition, espe- 
cially if the sphincter experiences plastic deformation, 
i.e., the inability to return to its original shape. 

A further feature of this invention is the provision of 
an irrigation system. As described below, the system 
provides the dual features of both flushing Wood away 
from the lens of the cystoscope to aid in the viewing of 
the external sphincter muscle and the black line 106 on 
the shoulder 64 of the dilation balloon 62 and inhibiting 
coagulation of Wood within the urethra. This flushing 
system includes a plurality of irrigation ports 110 dis- 
posed along the exterior shaft 56 of the catheter 18, 
proximate to the line 106 are provided. The irrigation 
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ports 110 are adapted to continuously flush fluid, for 
example, saline, from the irrigation conduit 84, which 
extends through the center of the catheter shaft 56. The 
irrigation conduit 84 is provided with a coupling device 
112 at the proximal end thereof, adapted to receive a 5 
source of flushing fluid, which, for example, can be a 
hanging container of saline (not shown), having a length 
of flexible tubing extending therefrom, for connection to 
the coupling device 112. The source of fluid is elevated 
and allowed to flow by gravity through the irrigation con- 
duit 84 and out the irrigation ports 110, so as to flush 
blood away from the lens 20 and allow the urologist an 
unobstructed view of the external sphincter muscle 108 
and the line 106 encircling the proximal shoulder 64 of 
the dilation balloon 62. 

In addition to permitting an unobstructed view of the 
proximal shoulder 64 of the balloon 62, the flushing of 
blood inhibits coagulation, and therefore substantially 
eliminates clotting within the urethral lumen. Back-flow- 
ing flushing fluid and blood is drained from the urethra 
through introduction sheath 12 by gravity flow. A drain- 
age reservoir (not shown) is connected to the cock valve 
40 which, when in its open position, allows the back- 
flowing fluids to drain, by gravity flow, into the reservoir 
and subsequently disposed of. Alternatively, the flush- 
ing fluid can be supplied through the sheath 12 to flush 
Wood away from the cystoscope lens 20. In this embod- 
iment, the irrigation ports 1 10 of the irrigation conduit 84 
function as influent ports to drain the flushing fluid and 
blood out of the urethra. 

Located at the proximal end of the catheter shaft 
56, and integrally connected thereto, is a Y-shaped plas- 
tic manifold 118. The manifold 118 is adapted to define 
and separate the trio of conduits 80, 82, 84 disposed 
within the body of the catheter shaft 56. Preferably, the 
manifold 1 18 is preformed in the Y-shaped configuration 
and is adapted to connect to the catheter shaft 56 and 
trio of conduits at the proximal end thereof. The catheter 
shaft 56 should be bent and cut to expose the inflation 
conduits 80, 82 respectively. The irrigation conduit 84 
need not be exposed in this manner, as the manifold 
1 1 8 includes a substantially straight portion in which the 
proximal end of the irrigation conduit 84 will reside. As 
shown in Figure 9, during the molding process flexible 
core pins 122, 124 are inserted into the exposed infla- 
tion conduits 80, 82 to respectively maintain the open- 
ings into the inflation conduits and provide support 
therefor during the molding process. In a similar man- 
ner, a straight core pin 126 is inserted into the irrigation 
conduit 84, and the catheter 18 is set into the preformed 
plastic manifold 118. Plastic is then injected into the 
manifold 1 18 to form a tight seal, and the core pins 122, 
124, 126 are removed after the plastic has hardened. 

In accordance with a further embodiment of the 
present invention, a source of pulsatile pressure (not 
illustrated) is provided for inflating the dilation balloon. 
Pumps capable of generating a variable frequency pul- 
satile pressure are well known in the art, and can readily 
be constructed by a cam-driven piston pump, as will be 



appreciated by one of skill in the art. By introducing and 
withdrawing fluid through the dilation port of the cathe- 
ter, the balloon can be made to pulse at a desired fre- 
quency, Preferably, a pulsatile pressure source is 
connected to the dilation balloon which is capable of 
vibration at about the natural body frequency of approx- 
imately 8 Hz. High frequency pulsation of the balloon 
can be accomplished by providing an acoustic trans- 
ducer on the dilation catheter, such as within the dilation 
balloon, and driven by an external variable frequency 
source of acoustic vibration. However, lower or higher 
frequencies such as from 1/60 Hz to as high as 5000 Hz 
may also facilitate reduction of the symptoms of 
obstructive prosthetism. 

In accordance with a further embodiment of the 
dilation catheter of the present invention, illustrated in 
Figure 1 8, there is provided a dilation catheter 1 70, hav- 
ing a dilation balloon 172, or other dilation means ther- 
eon, which is provided at its distal end 174 with an 
integrally moulded, or otherwise secured, obturator 176 
for facilitating introduction of the dilation catheter within 
the urethra The obturator 176 may be moulded or 
formed from any of a variety of materials which are sub- 
stantially biologically inert in the urethral environment, 
and which facilitate secure bonding to the material of 
the dilation catheter shaft 170 so that the obturator 176 
will not become detached from the shaft in use. For 
example, a polyvinylchloride (PVC) obturator may be 
securely bonded to a PVC catheter shaft 

The dilation catheter 170 having an integral obtura- 
tor 176 thereon is used together with an introduction 
sheath 178. For this purpose, the proximal end 180 of 
the integral obturator 176 is tapered slightly as illus- 
trated in Figure 19, so that it may be snugly fitted within 
the distal end of the introduction sheath 1 78. 

An integral obturator 176 can also be configured 
like the obturator 148 in Figure 7 and 8, with a more 
gradual taper to co-operate with flexible tip 14 of sheath 
1 2. In addition, as with the flexible distal tip 1 4 illustrated 
in Figure 5, sheath 178 can be further provided with a 
flexible region 179 for receiving proximal end 180 when 
the catheter is in the retracted position. 

Following introduction of the sheath 178 in accord- 
ance with the present embodiment of the invention, the 
dilation catheter 170 and integral obturator 176 may be 
extended distally relative to sheath 178 to expose the 
dilation means 172. The dilation means is then posi- 
tioned in accordance with any of the positioning tech- 
niques described herein, and dilation is accomplished. 
Following dilation, the dilation means is reduced in 
external diameter, and the dilation catheter is retracted 
axially into the sheath so that the proximal end 180 of 
the obturator 176 fits snugly within the distal end of the 
sheath 178. 

Referring to Figures 19 and 20. there is illustrated a 
locking bridge 1 86 tor facilitating control over the various 
components of the dilation assembly, according to one 
embodiment of the present invention. Dilation catheter 
182 is illustrated as extending through a dilation assem- 
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bly housing 184 in a manner similar to that discussed in 
connection with Figure 1. Dilation catheter 182 is addi- 
tionally illustrated as extending through a tubular chan- 
nel 183 contained in locking bridge 186, enabling a 
variety of securing functions as will be discussed. 

A first locking means 188. such as a thumb screw 
190, is provided on the locking bridge 186, for securing 
the locking bridge 1 86 with respect to the dilation cathe- 
ter 182. Although illustrated as a thumb screw 190, the 
first securing means 188 may comprise any of a variety 
of means well known to one of skill in the art which may 
be adapted for securing locking bridge 186 against axial 
movement along dilation catheter 182. 

Locking bridge 186 is further provided with a sec- 
ond tubular channel 192 for receiving a standard cysto- 
scope therethrough. Channel 192 is provided with a 
second securing means 194 for securing the endo- 
scope with respect to locking bridge 186. As discussed 
in connection with first securing means 188, the second 
securing means 194 can be any of a variety of means 
known in the art for securing a tubular member against 
axial motion through the locking bridge 186. 

For example, referring to Figure 20, the second 
securing means 194 can comprise a rotatable sleeve 
196 having a lever 198 thereon to facilitate rotation. The 
sleeve 1 96 is threadedly engaged with the body of lock- 
ing bridge 186, and rotation of sleeve 196 provides a 
compressive retention force on an elongate body 
extending through channel 192, such as by compres- 
sion of an annular ring of elastomeric material, or radial 
inward movement of a multiple jaw chuck, as are well 
known in the art Locking bridge 186 is preferably addi- 
tionally provided with a further securing means (not 
illustrated) for securing locking bridge 186 to the dilation 
assembly housing 184. This further securing means 
may comprise any of a variety of securing means, as 
will be appreciated by one of skill in the art. 

The foregoing structures enable the clinician to fix 
the axial position of the dilating means in relation to the 
sheath, to fix the position of the locating means with 
respect to the sheath and to alternatively fix the position 
of the locating means with respect to the dilating means. 

Method of Using the Dilation Catheter 

Prior to dilating the obstructed urethral lumen, the 
length of the affected prostatic urethra 68 should be 
measured. This may be accomplished by the use of a 
calibration catheter 128, as illustrated in Figure 15. The 
calibration catheter 128 is an axiaily elongate shaft 130, 
having an expandable balloon 132 located near the dis- 
tal end 134 thereof, and an inflation conduit (not shown) 
which extends substantially the entire length of the shaft 
130. The expandable balloon 132 is adapted to be 
inflated through an inflation aperture 136, extending 
from the inflation conduit by a source of pressurized 
fluid (not shown). A plurality of graduated markings 138 
extend along the exterior shaft 130 of the catheter 128, 
commencing near the proximal end 140 of the expand- 



able balloon 132, and are adapted to be read from the 
distal end 134 of the catheter 128 to the proximal end 
142. 

The calibration catheter 128 is adapted to be 

5 received into the sheath of a standard cystoscope, and 
the cystoscope inserted into the urethra through the 
penile meatus. Once the distal end 134 and expandable 
balloon 132 of the calibration catheter 128 enters the 
bladder 144, the expandable balloon 132 may be 

10 inflated, and the catheter 1 28 slowly withdrawn from the 
urethra until the balloon 132 becomes lodged within the 
bladder neck 72. Graduated markings 1 38, inscribed on 
the exterior shaft 130 of the catheter 128 can be used to 
measure the distance between the bladder neck 72 and 

is the lower end 70 of the affected prostatic urethra 68. 
Once such a measurement has been determined, the 
expandable balloon 138 may be deflated, and the cath- 
eter 128 withdrawn. 

An introduction sheath 12, as illustrated in Figures 

20 7 and 8 is then readied for insertion through the external 
urethral opening. An obturator 146, as shown in Figures 
6, 7 and 8, having a smooth, tapered end 148 with no 
sharp edges is inserted into the sheath 12, and secured 
to the hub 42 of the cylindrical housing 22 by chamfered 

25 clips 150. The flexible tip 14 of the sheath 12 tapers 
inwardly, so as to grip the extending portion of the obtu- 
rator 146 and provide a fairly smooth surface continua- 
tion of the introduction sheath. This mild transition 
between the obturator 146 and sheath 12 is instrumen- 

30 tal in reducing damage and trauma to the tender ure- 
thral lumen. Once the sheath 12 has been fully inserted 
within the urethral lumen, the chamfered clips 150 may 
be released, and the obturator 146 withdrawn. 

A catheter shaft 56, having a dilation balloon 62 

35 with a length approximately equivalent to that measured 
by the calibration catheter 128, is then inserted through 
one 48 of two boot sleeves of the septum 44, until at 
least that portion of the catheter shaft 56 to which the 
expandible balloons 60, 62 are attached extends there- 

40 through. The septum 44 is then friction fit onto the hub 
42 of the cylindrical housing 22 such that the catheter 
18 is in alignment with the larger diameter ellipsoid sec- 
tion 152 of the sheath 12. The cystoscope lens 20 is 
then inserted into the other boot sleeve 50, and is then 

45 urged through the sheath 12 and into the urethra after 
placement of the catheter 18. 

To provide support for the catheter 18, an elongate 
stylet 154 may be inserted into the irrigation conduit 84, 
as illustrated in Figure 11. The stylet 154 facilitates the 

so ease with which the catheter 18 may be inserted into 
the urethra, and may remain within the irrigation conduit 
84 until the locating balloon 60 is disposed within the 
bladder 144, at which time the stylet 154 should be 
removed. Once the locating balloon 60 is within the 

55 bladder 144. the inflation conduit 80 may be coupled to 
a source of pressurized fluid so as to inflate the locating 
balloon 60. The catheter 18 is then gradually withdrawn 
from the bladder 144 until the balloon 60 is lodged 
within the bladder neck 72. When the locating balloon 



7 



13 



EP 0 417 189 B1 



14 



60 is properly positioned within the neck 72 of the blad- 
der 144, a seal is formed therebetween which prohibits 
fluids accumulating within the bladder 144 from travel- 
ling down the urethra and also prohibits fluids from flow- 
ing into and filling up the bladder from the urethra. 

Once the catheter 18 has been properly situated 
with respect to the upper end 72 of the affected prostatic 
urethra 68, the irrigation conduit 84 may be connected 
to a source of flushing fluid. The flushing fluid is gravity 
fed through the irrigation conduit 84 and out the irriga- 
tion ports 110, so as to wash existent blood away from 
the cystoscope lens 20 and provide the urologist with an 
unobstructed view of the proximal shoulder 64 of the 
dilation balloon 62, and adjacent organs. Looking 
through the cystoscope, the urologist can manipulate 
the catheter 18 to confirm that the dilation balloon 62 is 
clear of the external urethral sphincter muscle 108, so 
as to ensure that the sphincter 108 will not inadvertently 
be dilated. 

Upon properly positioning the dilation balloon 62 
with respect to both the bladder neck 72 and the sphinc- 
ter 108, the inflation conduit 82 for the dilation balloon 
62 may be connected to a source of pressurized fluid 
98. As described above, the inflation source 98 should 
enable a accurate, progressive dilation under constant 
control of the pressure being applied within the dilation 
balloon 62. The device remains within the affected pro- 
static urethra 68, until sufficient pressure dilation has 
been achieved. Subsequent to attaining adequate pres- 
sure dilation of the prostatic urethra, and eliminating the 
urinary outflow obstruction, the balloons 60, 62 may be 
deflated, releasing the pressurized fluid therefrom. 

As the dilation balloon 62 is deflated, sharp ridges 
may form on the outer surface thereof, due to the stiff- 
ness of the material from which it was formed. As shown 
in Figure 5. the flexible tip 14 of the introduction sheath 
12 readily deforms and flares, so as to coerce the dila- 
tion balloon 62 back into the sheath 12. When the mark- 
ing 78, indicative of the time at which the dilation balloon 
62 is completely within the sheath 12 becomes visible, 
the device may be withdrawn from the urethra. 

In view of the medical treatment to be administered 
in using the device of the present invention, it is neces- 
sary that the device be aseptically clean. Accordingly, 
the dilation catheter and sheath can be cleansed and 
sterilized readily and easily either prior to use thereof, or 
packaged in this condition, available for immediate use. 
Further, both the catheter and sheath may be discarded 
after use, negating the need for recleaning and resterili- 
zation. 

It will be appreciated that certain structural varia- 
tions may suggest themselves to those skilled in the art. 
The foregoing detailed description is to be clearly 
understood as given by way of illustration only. 

For example, the black line 106 as a visible indica- 
tor could be replaced by a radial enlargement of the 
dilation catheter, and this radial enlargement could com- 
prise a radially outwardly extending annular ridge on the 
surface of the dilation catheter. 



Claims 

1 . An intraluminal dilation apparatus (1 0) for relieving 
flow obstructions within the urethra comprising an 

s axially elongate introduction sheath (12, 178), 
adapted for insertion into the urethra, a cystoscope 
(20), an axially elongate dilation catheter (18. 170). 
having a shaft (56), a distal end (58, 174) and at 
least one dilation means (62, 172) secured thereto, 

10 wherein said axially elongate dilation catheter (18, 
170) extends through and is axially movable within 
said axially elongate introduction sheath (12, 178), 
to permit positioning of said dilation means (62, 
172) within the urethra, characterised by: 

is a peripheral line or a radial enlargement is 

positioned as a visible indicator (106) on said axi- 
ally elongate dilation catheter (18, 170) near the 
proximal end of the dilation means (62, 172) such 
that said visible indicator (1 06) can be seen through 

20 said cystoscope (20) and the position of the visible 
indicator (106) provides an indication of the position 
of said dilation means (62,172) relative to an ana- 
tomical landmark. 

25 2. An intraluminal dilation apparatus (10) as in Claim 
1, having the said radial enlargement which com- 
prises a radially outwardly extending annular ridge. 

3. An intraluminal dilation apparatus (10) as in Claim 
30 1 , further comprising a locking bridge (1 86) having 
a first securing means (188) on the locking bridge 
(186) for fixing the position of the dilation means 
(62, 172) relative to the locking bridge (186). 

35 4. An intraluminal dilation apparatus (10) as in Claim 
3, further comprising a second securing means 
(194) on the locking bridge (186) for fixing the posi- 
tion of the cystoscope relative to the locking bridge 
(186). 

40 

5. An intraluminal dilation apparatus (10) as in Claim 
1, further comprising an obturator (146, 148, 176) 
for facilitating introduction of the dilation means 
(172) into the urethra. 

45 

6. An intraluminal dilation apparatus (10) as in Claim 
5, wherein said obturator (176) is integral with said 
axially elongate dilation catheter (18. 170) at said 
distal end (58, 174). 

50 

7. An intraluminal dilation apparatus (10) as in Claim 
5, wherein said obturator (146, 148) is tapered for 
fitting within said distal end of said axially elongate 
introduction sheath (12, 178). 

55 

8. An intraluminal dilation apparatus (10) as in Claim 
1, wherein said axially elongate introduction sheath 
(12, 178) further comprises a flexible distal tip (14. 
179). 
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9. An intraluminal dilation apparatus (10) as in Claim 
8. wherein said flexible distal tip (14, 179) readily 
deforms the contours of said dilation means (62, 
172) when said dilation means (62, 172) is not 
dilated. 5 

10. An intraluminal dilation apparatus (10) as in Claim 
1, wherein said axially elongate introduction sheath 
(12) has an inner surface (16) which is substantially 
ellipsoid in cross-section and is adapted to receive 10 
and guide said axially elongate dilation catheter 
(18, 170) and said cystoscope (20). 

11. An intraluminal dilation apparatus (10) as in Claim 

I, further comprising an inflatable locating balloon 15 
(60) distally located on said axially elongate dilation 
catheter (18, 170). 

12. An intraluminal dilation apparatus (10) as in Claim 

II, wherein said dilation means (62, 172), further 20 
comprises a distal shoulder or end (66, 74), and 
wherein said locating balloon (60) overlaps a por- 
tion of said distal shoulder (66, 74). 

13. An intraluminal dilation apparatus (10) as in Claim 25 
1, wherein said dilation means (62, 172) further 
comprises a proximal shoulder or end (64) and a 
distal shoulder or end (66, 74), and wherein either 

or both of said proximal shoulder (64) and said dis- 
tal shoulder (66, 74) are squared off. 30 

14. An intraluminal dilation apparatus (10) as in Claim 
1, wherein said axially elongate dilation catheter 
(18, 170) has an irrigation conduit (84) and at least 
one irrigation port (110) proximate to the visible 35 
indicator (106). 

15. An intraluminal dilation apparatus (10) as in Claim 
1, wherein said axially elongate dilation catheter 
(18, 170) has a second visible indicator (78) that 40 
becomes visible to the operator during withdrawal 

of said axially elongate dilation catheter (18, 170) 
when said dilation means (62, 172) is fully retracted 
within said axially elongate introduction sheath (12, 
178). & 

16. An intraluminal dilation apparatus (10) as in Claim 
15, wherein the second visible indicator (78) com- 
prises a line. 

so 

17. An intraluminal dilation apparatus (10) as in Claim 
1, wherein said axially elongate dilation catheter 
(18, 1 70) further comprises an expandable implant- 
able stent over said dilation means (62, 1 72). 

55 

18. An intraluminal dilation apparatus (10) as in Claim 
17, wherein said expandable implantable stent has 
an outer diameter that is equal to or smaller than an 
outer diameter of said axially elongate dilation cath- 



eter (18, 170) adjacent to said stent, when said 
stent is in an unexpanded state. 

19. An intraluminal dilation apparatus (10) as in Claim 
1, wherein said dilation means (62, 172) is dilated 
by a pulsatile pressure source. 

Patentanspruche 

1. Intraluminale Dilatationsvorrichtung (10) zum 
Beseitigen von FluBbehinderungen in der Harn- 
rohre mit einer axialen, langlichen EinfOhrungs- 
hOlse (12, 178), die zur EinfQhrung indie Harnrohre 
geeignet ist, einem ZystosKop (20), einem axialen, 
langlichen Dilatationskatheter (18, 170) mit einem 
Schaft (56), einem kOrperfernen Ende (58, 174) 
und wenigstens einer Dilatationseinrichtung (62, 
172), die an ihm befestigt ist. wobei der axiale lang- 
liche Dilatationskatheter (18, 170) sich durch die 
axiale langliche EinfOhrungshOlse (12, 178) hin- 
durcherstreckl und in dieser axial beweglich ist, urn 
die Positionierung der Dilatationseinrichtung (62, 
172) in der Harnrohre zu ermoglichen, dadurch 
gekennzeichnet, daB eine periphere Linie Oder eine 
radiale VergroBerung als ein sichtbarer Indikator 
(106) an dem axialen, langlichen Dilatationskathe- 
ter (18, 170) in der Nahe des kOrpernahen Endes 
der Dilatationseinrichtung (62, 172) positioniert ist, 
so daB der sichtbare Indikator (106) durch das 
Zystoskop (20) gesehen werden kann und die Posi- 
tion des sichtbaren Indikators (106) eine Anzeige 
der Position, der Dilatationseinrichtung (62, 172) 
relativ zu einer anatomischen Kennungsmarke bil- 
det. 

2. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1 , wobei die radiale VergroBerung vorge- 
sehen ist und eine sich radial nach auBen erstrek- 
kende ringformige Rippe umfaBt. 

3. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei ferner eine SperrbrOcke (186) 
mit einer ersten Befestigungseinrichtung (188) an 
der SperrbrOcke (186) zur Festlegung der Position 
der Dilatationseinrichtung (62, 172) relativ zu der 
SperrbrOcke (186) vorgesehen ist. 

4. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 3, wobei ferner eine zweite Befestigungs- 
einrichtung (194) an der SperrbrOcke (186) zur 
Festlegung der Position des Zystoskops relativ zu 
der SperrbrOcke (186) vorgesehen ist. 

5. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei ferner ein Obturator (146, 148, 
176) zur Erleichterung der EinfQhrung der Dilatati- 
onseinrichtung (172) in die Harnrohre vorgesehen 

ist. 
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6. Intraluminal Dilatationsvorrichtung (10) nach 
Anspruch 5 ? wobei der Obturator (176) einstuckig 
mitdem axialen langlichen Dilatationskatheter (18, 
170) an dem kOrperfernen Ende (58. 178) ausgebil- 
det ist. 

7. Intraluminal Dilatationsvorrichtung (10) nach 
Anspruch 5, wobei der Obturator (146, 148) sich 
zum Einsetzen in das kOrperferne Ende der axialen 
langlichen EinfOhrungshulse (12, 178) verjungt 

8. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei die axiale langliche EinfOh- 
rungshulse (12, 178) ferner eine flexible kfirper- 
ferne Spitze (14, 179) aufweist. 

9. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 8, wobei die flexible kOrperferne Spitze 
(14, 179) die Konturen der Dilatationseinrichtung 
(62, 172) leichtdeformiert, wenn die Dilatationsein- 
richtung (62, 172) nicht vergrOBert ist. 

10. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei die axiale langliche EinfOh- 
rungshulse (12) eine Innenflache (16) aufweist, die 
einen im wesentlichen ellipsoidischen Querschnitt 
besitzt und den axialen langlichen Dilatationskathe- 
ter (18, 170) und das Zystoskop (20) aufnehmen 
und fuhren kann. 

11. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, die ferner einen aufbiasbaren Lokali- 
sierungsballon (60) aufweist, der kOrperfern an 
dem axialen langlichen Dilatationskatheter (18. 
170) angeordnet ist. 

12. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 11, wobei die Dilatationseinrichtung (62, 
172) ferner eine kOrperferne Schulter oder ein kOr- 
perfernes Ende (66, 74) aufweist und wobei der 
Lokalisierungsballon (60) einen Bereich der kOrper- 
fernen Schulter (66, 74) uberlappt 

13. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei die Dilatationseinrichtung (62, 
172) ferner eine kOrpernahe Schulter oder ein kflr- 
pernahes Ende (64) und eine kOrperferne Schulter 
oder ein kOrperfernes Ende (66, 74) aufweist und 
wobei entweder die kOrpernahe Schulter (64) und 
die kOrperferne Schulter (66, 74) oder die kOrper- 
nahe Schulter (64) oder die kOrperferne Schulter 
(66, 74) rechteckig ausgesteltt sind. 

14. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei der axiale langliche Dilatations- 
katheter (18, 170) eine Spuhlleitung (84) und 
wenigstens eine SpOhlOffnung (1 10) nahe am sicht- 
baren Indikator (106) aufweist. 



15. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei der axiale langliche Dilatations- 
katheter (18, 170) einen zweiten sichtbaren Indika- 
tor (78) aufweist, der for den Operateur wahrend 

5 des ZurOckziehens des axialen langlichen Dilatati- 
onskatheters (18. 1 70) sichtbar wird, wenn die Dila- 
tationseinrichtung (62, 172) vollstandig in die axiale 
langliche EinfuhrungshOlse (12, 178) zuruckgezo- 
gen ist. 

10 

16. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 15, wobei der zweite sichtbare Indikator 
(78) eine Linie umfaBt. 

15 17. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei der axiale langliche Dilatations- 
katheter (18, 170) ferner Ober der Dilatationsein- 
richtung (62, 172) eine expandierbare 
implantierbare Aufspannungseinrichtung aufweist 

20 

18. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 17, bei der die expandierbare implantier- 
bare Aufspanneinrichtung einen AuBendurchmes- 
ser besitzt, der gleich oder Weiner als der 
25 AuBendurchmesser des axialen langlichen Dilatati- 
onskatheters (18, 170) in der Nahe der Aufspann- 
einrichtung ist, wenn die Aufspanneinrichtung nicht 
expandiert ist 

30 19. Intraluminale Dilatationsvorrichtung (10) nach 
Anspruch 1, wobei die Dilatationseinrichtung (62, 
172) durch eine pulsierende Druckquelle vergrO- 
Bertwird. 

35 Revendlcatlons 

1. Appareii de dilatation intraluminale (10) pour 
r£duire les obstructions a la circulation a Hnterieur 
de I'uretre. comprenant une gaine d'i introduction 

40 (12, 178) a elongation axiale, adaptee pour inser- 
tion dans I'ur&tre, un cystoscope (20), un catheter 
de dilatation (18, 170) a elongation axiale ayant un 
axe (56), une extremite distale (58, 174) et au 
moins un moyen de dilatation (62, 172) qui lui est 

45 fixe, dans lequel ledit catheter de dilatation (18, 
170) a elongation axiale s'6tend a travers et est 
mobile axialement a flnterieur de ladite gaine 
d'introduction (12. 178) a Elongation axiale, pour 
permettre le positionnement dudit moyen de dilata- 

so tion (62, 1 72) a llnterieur de I'uretre, caracterise en 
ce que : 

une ligne peripherique ou un elargissement 
radial est positionne comme indicateur visible (106) 
sur ledit catheter de dilatation (18, 170) a elonga- 
55 tion axiale, pres de I'extremite proximale du moyen 
de dilatation (62, 172) de telle fason que ledit indi- 
cateur visible (106) puisse etre vu a travers ledit 
cystoscope (20) et la position de I'indicateur visible 
(106) fournit une indication de la position dudit 
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moyen de dilatation (62, 1 72) par rapport a un point 
de repere anatomique. 

2. Apparei! de dilatation intraluminal e (10) selon la 
revendication 1 , ayant ledit elargissement radial qui s 
comprend un bord annulaire s'&endant dans le 
sens radial, vers I'exterieur. 

3. Apparei! de dilatation intraluminal e (10) selon la 
revendication 1, comprenant en outre un pont de io 
blocage (186) ayant un premier moyen de securite 
(188) pour f ixer la position du moyen de dilatation 
(62, 172) par rapport au pont de blocage (186). 

4. Appareil de dilatation intraluminale (10) selon la is 
revendication 3, comprenant en outre un deuxieme 
moyen de securite (194) sur le pont de blocage 
(186) pour fixer la position du cystoscope par rap- 
port au pont de blocage (186). 

20 

5. Appareil de dilatation intraluminale (10) selon la 
revendication 1, comprenant en outre un obturateur 
(146, 148, 176) pour faciliter llntroduction du 
moyen de dilatation (172) dans I'urEtre. 

25 

6. Appareil de dilatation intraluminale (10) selon la 
revendication 5, dans lequel ledit obturateur (176) 
est soiidaire avec ledit catheter de dilatation (18, 
170) a elongation axiale et ladite extremite distal e 
(58.174). so 

7. Appareil de dilatation intraluminale (10) selon la 
revendication 5. dans lequel ledit obturateur (146, 
1 48) est taille en cone pour s'adapter a I'interieur de 
ladite extremite distale de ladite gaine dlntroduc- 35 
tion (12, 178) a elongation axiale. 

8. Appareil de dilatation intraluminale (10) selon la 
revendication 1 , dans lequel ladite gaine d'introduc- 
tion (12, 178) a elongation axiale comprend en 40 
outre une extrEmite distale flexible (14, 179). 

9. Apparei! de dilatation intraluminale (10) selon la 
revendication 8, dans lequel ladite extremite distale 
flexible (14, 179) deforme facilement les contours 45 
dudit moyen de dilatation (62, 172) lorsque ledit 
moyen de dilatation (62, 172) n'est pas dilate. 

10. Appareil de dilatation intraluminale (10) selon la 
revendication 1 , dans lequel ladite gaine cf introduc- so 
tion (12) a elongation axiale comporte une surface 
interieure (1 6) qui a une section ellipsoTdale, et qui 

est adaptee pour recevoir et guider ledit catheter de 
dilatation (18, 170) a elongation axiale et ledit cys- 
toscope (20). 55 

11. Appareil de dilatation intraluminale (10) selon la 
revendication 1, comprenant un ballon de localisa- 
tion (60) gonf lable place de maniere distale sur ledit 



catheter de dilatation (18, 170) a Elongation axiale. 

12. Appareil de dilatation intraluminale (10) selon la 
revendication 1 1 , dans lequei ledit moyen de dilata- 
tion (62, 1 72) comprend en outre un Epaulement ou 
une extremite distale (66, 74) et dans lequel ledit 
ballon de posHionnement (60) recouvre une partie 
dudit 6paulement distal (66, 74). 

13. Appareil de dilatation intraluminale (10) selon la 
revendication 1, dans lequel ledit moyen de dilata- 
tion (62, 1 72) comprend en outre un gpaulement ou 
une extremite (64) proximate et un gpaulement ou 
une extremite distale (66, 74) et dans lequel Tun ou 
Pautre, ou les deux epaulements proximaux (64) et 
ledit epaulement distal (66. 74) sont places en 
6querre. 

14. Appareil de dilatation intraluminale (10) selon la 
revendication 1. dans lequel ledit catheter de dilata- 
tion (18, 170) a elongation axiale comporte un con- 
duit d'irrigation (84) et au moins un port dlrrigation 
(110) proches de I'indicateur visible (106). 

15. Appareil de dilatation intraluminale (10) selon la 
revendication 1 , dans lequel ledit catheter de dilata- 
tion (18, 170) a elongation axiale comporte d'un 
deuxieme indicateur visible (78) qui devient visible 
pour I'opgrateur pendant le retrait dudit catheter de 
dilatation (18, 170) a Elongation axiale quand ledit 
moyen de dilatation (62, 172) est totalement 
r&racte a I'interieur de ladite gaine dlntroduction 
(12, 178) a elongation axiale. 

16. Appareil de dilatation intraluminale (10) selon la 
revendication 15, dans lequel ledit deuxi&me indi- 
cateur visible (78) comprend une ligne. 

17. Appareil de dilatation intraluminale (10) selon la 
revendication 1, dans lequel ledit catheter de dilata- 
tion (18, 170) a elongation axiale comporte en outre 
un stent implantable et extensible au-dessus dudit 
moyen de dilatation (62, 172). 

18. Appareil de dilatation intraluminale (10) selon la 
revendication 17, dans lequel ledit stent implanta- 
ble et extensible a un diamdtre exterieur 6gal ou 
plus petit qu'un diametre exterieur dudit catheter de 
dilatation (18, 170) a elongation axiale adjacent 
audit stent, quand ledit stent est dans un 6tat non 
dilate. 

19. Appareil de dilatation intraluminale (10) selon la 
revendication 1, dans lequel ledit moyen de dilata- 
tion (62, 172) est dilate par une source de pression 
a pulsations. 
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Description 

Incontinence is a problem for many people includ- 
ing older adults. Present day approaches to dealing with 
incontinence such as the Foley catheter often times 
causes urinary tract infection. A bag for urine is required 
and smell becomes a problem. The chances of infection 
are increased each time the bag is changed. The cost 
for the Foley catheters and pads is substantial. An inflat- 
able conventional spherical balloon is used to keep the 
catheter in the bladder, but leakage around the catheter 
occurs and is a problem. It was not an object of this 
product to provide a seal around the catheter at the 
bladder orifice. 

US- A-4.81 3.935 discloses a urinary control system 
comprising a balloon having a toroid shape when 
inflated. This shape provided a contact between the bal- 
loon and the bladder of the Foley catheter type. 

WO-82/03557 discloses a urinary catheter balloon 
having a shape substantially corresponding to the 
shape of the bladder to prevent contact between a cath- 
eter tip and the inner wall of the bladder. 

A urinary control system comprising an inner bal- 
loon is also known from US-A-384.304. However, in this 
system the balloon is spherical and has to be pulled 
tightly against the inner urethra opening. 

The present invention aims to overcome the draw- 
backs of the prior art by providing a simple inexpensive 
device for controlling urine flow in the urethra, which is 
compatible to the body and will not cause discomfort, 
infection and pass urine only through operation of the 
valve rather than around the outside of the catheter. 

More precisely, the present invention relates to a 
urinary control system comprising an air line having an 
inflatable balloon at one end and an air inlet at the oppo- 
site end, the balloon being adapted to be inserted in a 
bladder neck through an urethra orifice of an urethra, a 
urine tube positioned in parallel relationship with said 
line and adapted to receive urine from the bladder, and 
seal means connected to said line adapted to maintain 
said balloon inflated, 

said urinary control system being characterized 
in that the balloon, when inflated, has a generally pear 
shape corresponding to the shape of the bladder at the 
urethra orifice to sealingly engage the neck of the blad- 
der to provide a seal around the urine tube in the blad- 
der neck. 

A valve may be provided in the urinary tube outside 
of the urethra. 

An anchoring collar of hydrogel may frictionally 
engage the exterior of the urinary tube and is then posi- 
tioned against the outer end of the urethra to hold the 
balloon in tight sealing engagement with the neck of the 
bladder. 

The urinary control of this invention when used by a 
male may include the additional use of a support shell 
around the penis to stabilize the urinary tube which 
extends through the penis. The anchoring collar of 
hydrogel is positioned against the outer end of the sup- 



port shell. The shell is one piece but includes a plurality 
of sections to allow for fitting the support shell to 
penises of different sizes. A collar of hydrogel is also 
placed between the inner end of the shell sections and 

5 the pubic bone base of the penis. An accordion type 
section is included to give the shell flexibility in accom- 
modating penises of different lengths and to permit 
them to be disposed at varying angles to the body. 
A hypodermic syringe or the like may function as an 

10 air pump when its needle is inserted into the air tube to 
inflate the balloon. 

DESCRIPTION OF THE DRAWINGS 

is Rgure 1 is a fragmentary perspective view of the 
urinary control with inflatable seal. 

Rgure 2 is a longitudinal cross-sectional view of the 
urinary control in the urethra of a female. 

Figure 3 is an enlarged cross-sectional view of the 
20 structure indicated by the line 3 - 3 in Figure 2. 

Rgure 4 is a cross-sectional view taken along line 4 
- 4 in Figure 2 showing the valve in a closed condition. 

Rgure 5 is a view similar to Rgure 4 but showing 
the valve in an open condition. 
25 Rgure 6 is a view similar to Rgure 2 but showing 
the urinary control in the urethra of a male. 

QE3SB1EI1QM of THE PREFERRED EMBODIMENT 

30 The urinary control of this invention is referred to 
generally by the reference numeral 10 as seen in Rgure 
1 and includes a urine tube 12 in which a valve 14 is 
connected. The tube 12 has an outer outlet end 15 and 
an inner inlet end 16 with sidewall openings 18. 

35 An air tube 20 extends into the valve body 14 and 
along the length of the tube 12 towards the inlet end 16. 
The air tube 20 has an inlet end 22 and an outlet end 24 
positioned in a balloon 26 formed in part by the side- 
walls of the urine tube 14. Balloon chamber 28 is pro- 

40 vided. The air tube outlet end includes an opening 30 in 
chamber 28. 

The valve body 14 includes a pair of oppositely dis- 
posed blade elements 32 normally closed. Pressure on 
the opposite sidewalls of the valve body 14 will cause 

45 the valve elements 32 to spread as seen in Figure 5 and 
allow urine to flow toward the outlet end 15. 

An anchoring collar means 36 of hydrogel is pro- 
vided around the urine tube 12 outwardly of the balloon 
26 and frictionally engages the outer surface of the 

so urine tube 12 to hold the walls of the balloon 26 in tight 
sealing contact with the bladder orifice and neck 38 as 
seen in Figure 2. The balloon 26 is shaped to corre- 
spond to the shape of the inner side walls of the bladder 
at the orifice to provide a seal around the catheter 

55 thereby preventing leakage. This shape is generally 
pear shape. In the female, the collar 36 presses against 
the body around the opening to the urethra. A sleeve 42 
also extends around the urine tube 12 and may be 
adjusted tightly against the collar 36 to assist in holding 
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the collar tight against the person's body at the outlet 
end of the urethra. Rounded serrations 44 are provided 
along the outside of the urine tube 12 and register with 
serrations on the inside face of the collar 36 and serve 
to hold the collar 36 in place in turn holding the balloon 5 
seal 26 in place thereby preventing leakage around the 
tube 12. 

A hypodermic syringe 48 functions as an air pump 
and has a needle 50 which is inserted into the inlet end 
22 of the air tube 20. The inlet end 22 has a passage- 10 
way 52 normally closed except when opened by the 
needle 50 thereby allowing air to be introduced into the 
tube to fill the balloon 26 but when the needle 50 is 
removed the passageway is sealed preventing air from 
escaping and deflating the balloon. 15 

When the urinary control of this invention is used on 
a male, a one piece support shell 60 is provided around 
the penis 62 and includes an outer section 64 having an 
outer end 64A being rounded to the curvature of the 
head of the penis. An accordion pleats section 64B 20 
interconnects the outer section 64 with a base section 
64C. TTie base section 64C presses against a hydrogel 
collar 66 which presses against the base (pubic bone) 
68 of the penis. A second hydrogel collar 70 is posi- 
tioned against the outer end of the rounded section 64A 25 
to hold the urine tube 12 in place such that the balloon 
26 when inflated is pressed against the bladder neck 
38. Among the properties of hydrogel is that it is soft 
and pliable but yet firm. 

In use it is seen that the urine tube 12 will be 30 
inserted into the urethra of the male or female far 
enough that the balloon 26 will be seated in the neck 38 
of the bladder. Air is introduced into the air tube 20 
through the use of a hypodermic syringe. A hydrogel 
collar is then positioned against the body at the outer 35 
end of the urethra to hold the balloon 26 in position to 
form a seal with the bladder neck 38. The balloon is 
inflated from the solid line position in Figure 2 to the 
dash line inflated condition. When fully installed, no 
urine can leak around the urine tube 12 due to the seal 40 
the balloon 26 provides with the bladder neck 38. Urine 
can enter the openings 1 8 in the inlet end 1 6 of the urine 
tube 12 and pass into the valve 14 and upon actuation 
of the valve blades 32 by applying pressure to opposite 
sides of the valve 14, the valve will be open for drainage 45 
of the bladder through the outlet end 15. 

The valve 14 and urine tube 12 are formed from 
elastomer silicone material of a 50 or 55 durometer from 
Dow Corning, Midland, Michigan. The balloon 26 may 
have a capacity of approximately 40 cc's. so 

Claims 

1 . A urinary control system comprising an air line (20) 
having an inflatable balloon (26) at one end and an 55 
air inlet (22) at the opposite end, the balloon (26) 
being adapted to be inserted in a bladder neck (38) 
through an urethra orifice of an urethra, a urine tube 
(12) positioned in parallel relationship with said line 



(20) and adapted to receive urine from the bladder, 
and seal means (52) connected to said line adapted 
to maintain said balloon inflated, 

said urinary control system being character- 
ized in that the balloon (26), when inflated, has a 
generally pear shape corresponding to the shape of 
the bladder at the urethra orifice to sealingly 
engage the neck of the bladder (38) to provide a 
seal around the urine tube (12) in the bladder neck 
(38). 

2. The system of claim 1 and an anchoring means 
(36) on said air line (20) adapted to operatively 
engage the body at the outer end of the urethra to 
hold said balloon (26) tight against the neck of the 
bladder (38). 

3. The system of claim 1 or 2 wherein said urine tube 
is formed from elastomer silicone material. 

4. The system of claim 2 wherein said anchoring 
means (36) includes a shell (60) adapted to fit over 
the penis (62), said shell having inner and outer 
ends (64A) with the inner end adapted to opera- 
tively engage the pubic bone base (68) of the penis 
(62). 

5. The system of claim 4 wherein said shell (60) 
includes a flexible and expandable section (64B) 
adapted to fit penises of different sizes and dis- 
posed at varying angles to the body. 

6. The system of claim 5 wherein said flexible and 
expandable section (64B) is further defined as 
including accordion pleats. 

7. The system of claim 1 wherein said anchoring 
means is an anchoring collar (36,70) provided to 
extend around the urine tube for being positioned at 
the outer end of the urethra to hold the balloon (26) 
in tight sealing contact with the bladder office. 

8. The system of claim 7 wherein said collar (36,70) 
urine tube (12) have cooperating serrations to pro- 
vide a tight fit therebetween and thereby limit rela- 
tive movement therebetween. 

9. The system of claim 8 wherein said collar (36,70) is 
made of a soft pliable material. 

10. The system of claim 9 wherein said collar (36,70) is 
made of hydrogel material. 

Patentanspruche 

1. Urinsteuerungssystem, das eine Luftleitung (20) 
mit einem aufblasbaren Ballon (26) an einem Ende 
und einem LufteinlaG (22) an dem gegenuberlie- 
genden Ende aufweist, wobei der Ballon (26) zum 
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Einsetzen in einen Harnblasenhals (38) durch eine 
HarnrOhrenOffnung einer Harnrdhre angepaBt ist, 
ferner weist das Urinsteuerungssystem eine paral- 
lel zu der Leitung (20) angeordnete und zum Auf- 
nehmen von Urin aus der Blase angepaBte 5 
UrinrOhre (12), und mit der Leitung verbundene 
Dichtmittel (52), die zum ErhaKen des aufgeblase- 
nen Zustands des Bailors ausgebildet sind, auf, 
wobei das Urinsteuerungssystem dadurch gekenn- 
zeichnet ist, daB der Ballon (26) im aufgeblasenen 10 
Zustand im wesentlichen eine Birnenform aufweist, 
die der Form der Blase an der HarnrOhrenOffnung 
entspricht, urn dichtend mit dem Harnblasenhals 
(38) zusammenzuwirken, um eine Dichtung urn die 
UrinrOhre (12) herum im Harnblasenhals (38) zu 15 
bDden. 

2. Urinsteuerungssystem nach Anspruch 1, wobei 
Befestigungsmittel (36) an der Luttleitung (20) zum 
Zusammenwirken mit dem KOrper an dem auBeren 20 
Ende der HarnrOhre angepaBt sind, um den Ballon 
(26) test gegen den Harnblasenhals (36) zu halten. 

3. Urinsteuerungssystem nach Anspruch 1 Oder 2, 
wobei der UrinrOhre ist von Silicon Elastomere 25 
Material ausgemacht. 

4. Urinsteuerungssystem nach Anspruch 2, wobei die 
Befestigungsmittel (36) eine uber den Penis (62) 
passende Hulle (60) aufweisen, die innere und 30 
auBere Enden (64A) aufweist, wobei das innere 
Ende zum Zusammenwirken der Schambeinbasis 
(68) des Penis (62) ausgebildet ist 

5. Urinsteuerungssystem nach Anspruch 4, bei dem 35 
die Hulle (60) einen f lexiblen und auseinanderzieh- 
baren Bereich (64B) aufweist, der zum Anbringen 
auf unterschiedlich groBen und in verschiedenen 
Winkeln zu dem Kflrper angeordneten Penissen 
ausgebildet ist. 40 

6. Urinsteuerungssystem nach Anspruch 5. bei dem 
der flexible und auseinanderziehbare Bereich (64B) 
Ziehharmonikafalten umfaBt. 

45 

7. Urinsteuerungssystem nach Anspruch 1. bei dem 
das Befestigungsmittel eine Befestigungsman- 
schette (36. 70) ist, die sich um die UrinrOhre 
herum erstreckt, um an dem auBeren Ende der 
HarnrOhre angeordnet zu werden, um den Ballon so 
(26) in fester dichtender Beruhrung mit dem Harn- 
blasenhals zu halten. 

8. Urinsteuerungssystem nach Anspruch 7, bei dem 

die Manschette (36, 70) und die UrinrOhre (12) ss 
zusammenwirkende Riffelungen aufweisen, um 
einen festen Sitz aneinander zu bewirken und so 
relative Bewegungen zueinander zu begrenzen. 



9. Urinsteuerungssystem nach Anspruch 8, bei dem 
die Manschette (36, 70) aus einem weichen nach- 
giebigen Material gefertigt ist. 

10. Urinsteuerungssystem nach Anspruch 9, bei dem 
die Manschette (36. 70) aus einem Hydrogelmate- 
rial gefertigt ist. 

Revendications 

1. Systeme de maltrise de Incontinence urinaire 
comprenant une ligne d'air (20) ayant un ballon 
gonf lable (26) a une extremite et une entree d'air 
(22) a Pextremite opposee, le ballon (26) etant 
adapte pour §tre inser§ dans un col de vessie (38) 
a travers un orifice ureteral d'un uretre, un tube 
pour Purine (12) positionne parallelement k ladite 
ligne (20) et adapte pour recevoir de Purine prove- 
nant de la vessie, et un moyen de joint (52) con- 
nects a ladite ligne adapte pour maintenir ledit 
ballon gonf le, 

ledit systeme de maltrise de I'incontinence 
urinaire etant caracterise en ce que le ballon (26). 
une fois gonf le, a generaiement une forme de poire, 
correspondant a la forme de la vessie au niveau de 
I'orifice ur6t6ral pour engager par un joint etanche 
le col de la vessie (38) pour realiser un joint etan- 
che autour du tube pour Purine (12) dans le col de 
la vessie (38). 

2. Systeme selon la revendication 1, dans lequel un 
moyen d f ancrage (36) sur ladite ligne d'air (20) est 
adapte pour engager activement le corps au niveau 
de rextremite externe de I'uretre pour maintenir 
ledit ballon (26) fermement contre le col de la ves- 
sie (38). 

3. Systeme selon la revendication 1 ou 2, dans lequel 
ledit tube pour Purine est forme d'un materiau sili- 
cone elastomere. 

4. Systeme selon la revendication 2. dans lequel ledit 
moyen d'ancrage (36) comporte une coquille (60) 
adaptee pour s'ajuster par-dessus le penis (62), 
ladite coquille ayant des extremites irtterieure et 
exterieure (64A), rextremite interieure Start adap- 
tee pour engager activement la base osseuse 
pubienne (68) du penis (62). 

5. Systeme selon la revendication 4, dans lequel 
ladite coquille (60) comporte une section flexible et 
extensible (64B) adaptee pour s'ajuster a des penis 
de differentes tallies et disposes suivant des angles 
variables par rapport au corps. 

6. Systeme selon la revendication 5, dans lequel 
ladite section flexible et extensible (64B) est en 
outre dSfinie comme comportant des plis en accor- 
deon. 
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7. Systfcme selon la revendication 1 , dans lequel ledit 
moyen d'ancrage est une collerette d'ancrage (36, 
70) pr6vue pour s'6tendre autour du tube pour 
I'urine, k positionner au niveau de Textr6mit6 ext6- 
rieure de I'ur&tre pour maintenir le ballon (26) fer- 5 
mement en contact & joint 6tanche avec rorifice de 

la vessie. 

8. Systeme selon la revendication 7, dans lequel 
ladite collerette (36. 70) et le tube pour I'urine (12) 10 
ont des indentations coop6rantes pour fournir un 
ajustement serr6 entre eux et pour ainsi limiter tout 
mouvement relatif de Tun par rapport k I'autre. 

9. Systfcme selon la revendication 8, dans lequel 15 
ladite collerette (36, 70) est en mat6riau souple 
pliable. 

10. Systeme selon la revendication 9, dans lequel 
ladite collerette (36. 70) est en mat6riau d'hydrogel. 20 
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Description 

[0001] This invention is directed to a device for pen- 
etrating body tissues for medical purposes such as tis- 
sue ablation and fluid substance delivery, for example. 
The device penetrates tissue to the precise target 
selected in order to deliver energy to the tissue and/or 
deliver substances. It limits this treatment to the precise 
preselected site, thereby minimizing trauma to normal 
surrounding tissue and achieving a greater medical 
benefit. This device is a catheter-like device for position- 
ing a treatment assembly in the area or organ selected 
for medical treatment with one or more stylets in the 
catheter, mounted for extension from a stylet port in the 
side of the catheter through surrounding tissue to the 
tissue targeted for medical intervention. 
[0002] Treatment of cellular tissues usually requires 
direct contact of target tissue with a medical instrument, 
usually by surgical procedures exposing both the target 
and intervening tissue to substantial trauma. Often, pre- 
cise placement of a treatment probe is difficult because 
of the location of targeted tissues in the body or the 
proximity of the target tissue to easily damaged, critical 
body organs, nerves, or other components. 
[0003] Benign prostatic hypertrophy or hyperplasia 
(BPH), for example, is one of the most common medical 
problems experienced by men over 50 years old. Uri- 
nary tract obstruction due to prostatic hyperplasia has 
been recognized since the earliest days of medicine. 
Hyperplastic enlargement of the prostate gland often 
leads to compression of the urethra, resulting in 
obstruction of the urinary tract and the subsequent 
development of symptoms including frequent urination, 
decrease in urinary flow, nocturia, pain, discomfort, and 
dribbling. The association of BPH with aging has been 
shown to exceed 50% in men over 50 years of age and 
increases in incidence to over 75% in men over 80 
years of age. Symptoms of urinary obstruction occur 
most frequently between the ages of 65 and 70 when 
approximately 65% of men in this age group have pros- 
tatic enlargement 

[0004] Currently there is no proven effective non- 
surgical method of treatment of BPH. In addition, the 
surgical procedures available were not totally satisfac- 
tory. Patients suffering from the obstructive symptoms 
of this disease were provided with few options: continue 
to cope with the symptoms (i.e., conservative manage- 
ment), submit to drug therapy at early stages, or submit 
to surgical intervention. More than 430,000 patients per 
year undergo surgery for removal of prostatic tissue in 
the United States. These represent less than five per- 
cent of men exhibiting clinical significant symptoms. 
[0005] Those suffering from BPH are often elderly 
men, many with additional health problems which 
increase the risk of surgical procedures. Surgical proce- 
dures for the removal of prostatic tissue were associ- 
ated with a number of hazards including anesthesia 
related morbidity, hemorrhage, coagulopathies, pulmo- 



nary emboli and electrolyte imbalances. These proce- 
dures performed currently can also lead to cardiac 
complications, bladder perforation, incontinence, infec- 
tion, urethral or bladder neck stricture, retention of pros- 

5 tatic chips, retrograde ejaculation, and infertility. Due to 
the extensive invasive nature of the treatment options 
for obstructive uropathy, the majority of patients delay 
definitive treatment of their condition. This circumstance 
can lead to serious damage to structures secondary to 

10 the obstructive lesion in the prostate (bladder hypertro- 
phy, hydronephrosis, dilation of the kidney pelves, 
chronic infection, dilation of ureters, etc.) which is not 
without significant consequences. In addition, a signifi- 
cant number of patients with symptoms sufficiently 

15 severe to warrant surgical intervention are therefore 
poor operative risks and are poor candidates for prosta- 
tectomy. In addition, younger men suffering from BPH 
who do not desire to risk complications such as infertility 
are often forced to avoid surgical intervention. Thus the 

20 need, importance and value of improved surgical and 
non-surgical methods for treating BPH is unquestiona- 
ble. 

[0006] High-frequency currents are used in electro- 
cautery procedures for cutting human tissue especially 

25 when a bloodless incision is desired or when the operat- 
ing site is not accessible with a normal scalpel but 
presents an access for a thin instrument through natural 
body openings such as the esophagus, intestines or 
urethra. Examples include the removal of prostatic ade- 

30 nomas, bladder tumors or intestinal polyps. In such 
cases, the high-frequency current is fed by a surgical 
probe into the tissue to be cut. The resulting dissipated 
heat causes boiling and vaporization of the cell fluid at 
this point, whereupon the cell walls rupture and the tis- 

35 sue is separated. 

[0007] Destruction of cellular tissues in situ has 
been used in the treatment of many diseases and med- 
ical conditions alone or as an adjunct to surgical 
removal procedures. It is often less traumatic than sur- 

40 gical procedures and may be the only alternative where 
other procedures are unsafe. Ablative treatment devices 
have the advantage of using an electromagnetic energy 
which is rapidly dissipated and reduced to a non- 
destructive level by conduction and convection forces of 

45 circulating fluids and other natural body processes. 
[0008] Microwave, radiofrequency, acoustical (ultra- 
sound) and light energy (laser) devices, and tissue 
destructive substances have been used to destroy 
malignant, benign and other types of cells and tissues 

so from a wide variety of anatomic sites and organs. Tis- 
sues treated include isolated carcinoma masses and, 
more specifically, organs such as the prostate, glandu- 
lar and stromal nodules characteristic of benign pros- 
tate hyperplasia. These devices typically include a 

55 catheter or cannula which is used to carry a radiofre- 
quency electrode or microwave antenna through a duct 
to the zone of treatment and apply energy diffusely 
through the duct wall into the surrounding tissue in all 
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directions. Severe trauma is often sustained by the duct 
wall during this cellular destruction process, and some 
devices combine cooling systems with microwave 
antennas to reduce trauma to the ductal wall. For treat- 
ing the prostate with these devices, for example, heat 
energy is delivered through the walls of the urethra into 
the surrounding prostate cells in an effort to ablate the 
tissue causing the constriction of the urethra. Light 
energy, typically from a laser, is delivered to prostate tis- 
sue target sites by "burning through" the wall of the ure- 
thra. Healthy cells of the duct wall and healthy tissue 
between the nodules and duct wall are also indiscrimi- 
nately destroyed in the process and can cause unnec- 
essary loss of some prostate function. Furthermore, the 
added cooling function of some microwave devices 
complicates the apparatus and requires that the device 
be sufficiently large to accommodate this cooling sys- 
tem. 

[0009] More specifically in the prior art, US-A- 
4,565,200 discloses a radio frequency lesion electrode 
system having an insulated outer cannula through 
which the electrodes are fed. Temperature sensors may 
be provided. WO-A-92/10142 uses laser energy to treat 
tissue, the laser energy being supplied to the end of a 
catheter and needle system. Various lumina in the cath- 
eter terminate at the surface of the catheter. US-A- 
4,950,267 discloses a laser beam treatment device for 
an endoscope comprising a control section and an 
insertion section which includes a flexible tube portion, 
a bending portion and a distal end portion. EP-A- 
0521595 shows a torqueable catheter, through the 
lumen of which electrodes may be passed for treating 
tissues at the end of the catheter. The intermediate doc- 
ument WO-A-94/04220 discloses a medical probe 
device as defined in claim 1 , in which, however, no sec- 
ond lumen is provided within the insulating sleeve. 
[0010] Application of liquids to specific tissues for 
medical purposes is limited by the ability to obtain deliv- 
ery without traumatizing intervening tissue and to effect 
a delivery limited to the specific target tissue. Localized 
chemotherapy, drug infusions, collagen injections, or 
injections of agents which are then activated by light, 
heat or chemicals would be greatly facilitated by a 
device which could conveniently and precisely place a 
fluid (liquid or gas) supply catheter opening at the spe- 
cific target tissue. 

OBJECTS AND SUMMARY OF THE INVENTION 

[0011] It is an object of this invention to provide a 
device for penetrating tissue, through intervening tis- 
sues to the precise target tissue selected for a medical 
action such as tissue ablation and/or substance deliv- 
ery, limiting this activity to the precise preselected site, 
thereby minimizing the trauma and achieving a greater 
medical benefit. 

[0012] It is another object of this invention is to pro- 
vide a device for tissue ablation of body tissues which 



delivers the therapeutic energy directly into targeted tis- 
sues while minimizing effects on its surrounding tissue. 
[0013] It is a still further object of this invention is to 
provide a device for introducing fluid treatment agents 

5 such as flowable liquids and gases, with greater preci- 
sion and ease to a specific location in the body. 
[0014] Another object of this invention which may 
be embodied is to provide a thermal destruction device 
which gives the operator more information about the 

w temperature and other conditions created in both the tis- 
sue targeted for treatment and the surrounding tissue. 
In addition, it will provide more control over the physical 
placement of the stylet and over the parameters of the 
tissue ablation process. 

15 [0015] In summary, the medical probe device of this 
invention is as shown in claim 1 . Preferably, at least one 
portion of an opposed surface of the electrode lumen 
and the electrode are spaced apart to define a liquid 
supply passageway for delivery of medicament liquid. A 

20 second optional fluid passage lumen terminates at a 
distal port in the distal end of the non-conductive sleeve 
and comprises means passing fluid therethrough. 
[0016] A temperature sensor third lumen termi- 
nates in a sealed closure adjacent the distal end of the 

25 non-conductive sleeve. At least one and preferably a 
plurality of temperature sensing devices such as ther- 
mocouples are positioned in the third lumen, the leads 
extending through the lumen. One preferred embodi- 
ment has two temperature sensing devices positioned 

30 in the third lumen, one temperature sensing device 
being positioned within about 1 mm of the distal end of 
the non-conductive sleeve, and the second temperature 
sensing device being positioned at least 3 mm and pref- 
erably from 3 to 6 mm from the distal end of the non- 
35 conductive sleeve. 

[0017] In summary, another embodiment of this 
invention comprises a catheter having a control end and 
a probe end, the probe end including a stylet guide 
housing having at a stylet port and stylet guide means 

40 for directing a flexible stylet outward through the stylet 
port and through intervening tissue to targeted tissues. 
A stylet is positioned in at least one of said stylet guide 
means, the stylet comprising an electrical conductor 
enclosed within a non-conductive sleeve. The electrode 

45 has a distal length having at least one current focusing 
groove means thereon and a distal tip shaped to focus 
current on its terminal end, whereby RF current passing 
therefrom into surrounding tissue forms a lesion extend- 
ing outward from the groove and tip. In one preferred 

50 embodiment, the distal length has a plurality of annular 
focusing grooves or a spiral focusing groove thereon. 
[0018] Preferably at least a part of the electrode is 
enclosed within a support tube having sufficient 
strength to maintain electrode linearity when the elec- 

55 trode is directed outward through the stylet port. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is an isometric view of an RF ablation cathe- 5 
ter embodiment of this invention with an fiber optic 
viewing accessory. 

Fig. 2 is a cross-sectional view of a catheter of Fig. 
1 showing details of the stylet guide housing. 
Fig. 3 is a side view of the stylet and lumen assem- 1 o 
bly of this invention. 

Fig. 4 is a cross-sectional side view of the of the 
junction of the stylet and control tube assembly 
taken along the central axis of the tubing. 
Fig. 5 is a cross-sectional view of the junction of the 
stylet and control tube assembly taken along the 
line 5-5 of Fig. 4. 

Fig. 6 is a cross-sectional view of a trilumen stylet of 
this invention taken along the line 6-6 in Fig 3. 
Fig. 7 is a cross-sectional side view of the trilumen 
stylet tip shown in Fig. 3 taken along line 7-7 of Fig. 
6. 

Fig. 8 is a plane view of the annular groove embod- 
iment of the current density focusing electrode of 
this invention. 

Fig. 9 is a plane view of the spiral groove embodi- 
ment of the current density focusing electrode of 
this invention, position and the sleeve partially 
retracted therefrom. 

Fig. 10 is an exploded view of the RF ablation cath- 
eter shown in Fig. 1 . 

Fig. 11 is an isometric view of the adjuster block 
and tension tube assembly of the RF ablation cath- 
eter shown in Fig. 10. 

Fig. 12 is a detailed view "A" of the tension tube 
connections shown in Fig. 11. 
Fig. 13 is an exploded view of the sleeve and elec- 
trode slide block assembly of the embodiment 
shown in Fig. 10. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The device of this invention provides a pre- 
cise controlled positioning of a treatment stylet in a tis- 
sue targeted for treatment, destruction or sampling from 
a catheter positioned in the vicinity of the target tissue. 
[0021] The term "stylet" as used hereinafter is 
defined to include both solid and hollow probes which 
are adapted to be passed from a catheter port through 
normal tissue to targeted tissues. The stylet is shaped 
to facilitate easy passage through tissue. It can be a 
solid wire, thin rod, or other solid shape or it can be a 
thin hollow tube or other shape having a longitudinal 
lumen for introducing fluids to or removing materials 
from a site. The stylet can also be a thin hollow tube or 
other hollow shape, the hollow lumen thereof containing 
a reinforcing or functional rod or tube such as a laser 
fiber optic. The stylet preferably has a sharpened end to 



reduce resistance and trauma when it is pushed 
through tissue to a target site. 
[0022] The stylet can be designed to provide a vari- 
ety of medically desired treatments of a selected tissue. 
As a radiofrequency electrode or microwave antenna, it 
can be used to ablate or destroy targeted tissues. As a 
hollow tube, it can be used to deliver a treatment fluid 
such as a liquid to targeted tissues. The liquid can be a 
simple solution or a suspension of solids, for example, 
colloidal particles, in a liquid. Since the stylet is very 
thin, it can be directed from the catheter through inter- 
vening normal tissue with a minimum of trauma to the 
normal tissue. 

[0023] The device of this invention provide a more 
precise, controlled medical treatment which is suitable 
for destroying cells of medically targeted tissues 
throughout the body, both within and external to body 
organs. The device are particularly useful for treating 
benign prostate hyperplasia (BPH), and the device and 
its use are hereinafter described with respect to BPH, 
for purposes of simplifying the description thereof. It will 
be readily apparent to a person skilled in the art that the 
device can be used to destroy body tissues in any body 
cavities or tissue locations that are accessible by percu- 
taneous or endoscopic catheters, and is not limited to 
the prostate. Application of the device in all of these 
organs and tissues are intended to be included within 
the scope of this invention. 

[0024] BPH is a condition which arises from the 
replication and growth of cells in the prostate and the 
decrease of cell death rate, forming glandular and stro- 
mal nodules which expand the prostate and constrict 
the opening of the prostatic urethra. Glandular nodules 
are primarily concentrated within the transition zone, 
and stromal nodules within the periurethral region. Tra- 
ditional treatments of this condition have included surgi- 
cal removal of the entire prostate gland, digital removal 
of the adenoma, as well as transurethral resection of the 
urethral canal and prostate to remove tissue and widen 
the passageway. One significant and serious complica- 
tion associated with these procedures is iatrogenic ste- 
rility. More recently, laser treatment has been employed 
to remove tissue, limiting bleeding and loss of body flu- 
ids. Balloons have also been expanded within the ure- 
thra to enlarge its diameter, with and without heat, but 
have been found to have significant limitations. 
[0025] Microwave therapy has been utilized with 
some success by positioning a microwave antenna 
within the prostatic urethra and generating heat in the 
tissue surrounding the urethra with an electromagnetic 
field. Coolants are sometimes applied within the cathe- 
ter shaft to reduce the temperature of the urethral wall. 
This necessitates complicated mechanisms to provide 
both cooling of the immediately adjacent tissues while 
generating heat in the more distant prostatic tissue. This 
technique is similar to microwave hyperthermia. Simi- 
larly, radiofrequency tissue ablation with electrodes 
positioned within the urethra exposes the urethral wall 
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to destructive temperatures. To avoid this, low tempera- 
ture settings required to protect the urethra must be so 
low that the treatment time required to produce any use- 
ful effect is unduly extended; e.g. up to three hours of 
energy application. 5 
[0026] One embodiment of the device of this inven- 
tion uses the urethra to access the prostate and posi- 
tions RF electrode stylets directly into the tissues to be 
destroyed. The portion of the stylet conductor extending 
from the urethra to targeted tissues is enclosed within a 10 
longitudinally adjustable sleeve shield which prevents 
exposure of the tissue adjacent to the sleeve to the RF 
current. The sleeve movement is also used to control 
the amount of energy per unit surface area which is 
delivered by controlling the amount of electrode 15 
exposed. Thus the ablative destruction is confined to 
the tissues targeted for destruction, namely those caus- 
ing the constriction. Other aspects of the invention will 
become apparent from the drawings and accompanying 
descriptions of the device of this invention. It will be 20 
readily apparent to a person skilled in the art that this 
procedure can be used in many areas of the body for 
approaches through body orifices. 
[0027] Fig. 1 is an isometric view of an RF ablation 
catheter embodiment of this invention with a fiber optic 25 
viewing accessory. The flexible catheter 2, attached to 
handle 4, has a terminal stylet guide 6 with two stylets 
8. The handle has stylet electrode tabs 10 and 11 and 
sleeve tabs 12 and 13 as will be described in greater 
detail hereinafter. The handle 4 is also connected to a 30 
optical viewing assembly 14 and RF power connector 
16, transponder connector 18 and thermocouple con- 
nectors 20. The portions of the catheter 2 leading from 
the handle 4 to the stylet guide tip 6 can optionally has 
a graduated stiffness. For example, the catheter can be 
designed to be more stiff near the handle and more flex- 
ible near the tip, or any other stiffness profiles. The cath- 
eter can be constructed of an inner slotted stainless 
steel tube with outer flexible sleeve such as is described 
in U.S. Patent No. 5,322,064. It can also be made of 
coiled or braided wire to which an outer sleeve is 
bonded. 

[0028] The fiber optic viewing assembly in this 
embodiment includes a lens focusing assembly 22, a 
lens viewing assembly support connector 24 assembly 
attached to a male quick disconnect connector 26 by 
flexible tubing 28. 

[0029] Fig. 2 is a cross-sectional view of a catheter 
of Fig. 1 showing details of the stylet guide housing. The 
stylet guide housing 6 has a curved passageway 28 
through which the stylet 8 is extended into the tissue to 
be treated. Further details of these components are 
described in copending applications Serial No. 
08/012,370 filed February 2, 1993, corresponding to 
WO-A-940220 and WO-A-94 17856. 
[0030] Fig. 3 is a side view of the stylet and lumen 
assembly of this invention. The key components of the 
stylet of this embodiment are an insulating sleeve 30 



and an electrode 32 extending therethrough. The elec- 
trode 32 has a sharpened tip, in this embodiment a 
broadened spear tip. The proximal end of the electrode 
and sleeve are connected by respective sleeve connec- 
tor 334 and electrode connector 338 to handle sleeve 
and electrode slides described in greater detail herein- 
after with respect to Figs. 10 and 13. An electrode sup- 
port tube 36 extends from the electrode connector 338 
to the area 38 of the sleeve connector 334 to transmit 
compressive pressure without collapsing the electrode 
32. An insulating sleeve support tube 40 made of shrink 
tubing extends from the sleeve connector 334 to the 
beginning or proximal end 42 of the outer tubing 44. 
Tubing 44 joins the support tubing to the control tube 46. 
The control tube 46 supporting both the electrode and 
insulating sleeve extends to the junction 48 (see Fig. 4) 
of the electrode lumen passageway 50 and the elec- 
trode 32. In this manner, support is provided over the 
length of the stylet extending from the handle to the trilu- 
men tip, preventing collapse or loss of linearity of the 
highly flexible electrode when it is pushed through the 
stylet guide housing. 

[0031] Fig. 4 is a cross-sectional side view of the 
junction of the stylet and control tube assembly taken 
along the central axis of the tubing, and Fig. 5 is a cross- 
sectional view of the junction of the stylet and control 
tube assembly taken along the line 5-5 of Fig. 4. At the 
junction 48, the electrode 32 extends through the upper 
electrode lumen wall 62 and enters the electrode lumen 
50. The outer tubing 52 encloses and supports both the 
distal ends of the control tubing 46 and trilumen sleeve 
tube 54. 

[0032] Referring to Fig. 5, the space 56 between 
the control tube 46 and the trilumen sleeve tube 54 can 
be filled with an adhesive to secure them together. The 
trilumen includes an electrode lumen 50, a temperature 
sensor lumen 58 and a fluid supply lumen 60 for supply 
of optional fluids such as antibiotics or anesthetics to 
the area of treatment. 

[0033] Fig. 6 is a cross-sectional view of a trilumen 
stylet of this invention taken along the line 6-6 in Fig 3. 
The trilumen sleeve 30 is an insulating sleeve for the 
electrode 32 and includes the additional temperature 
sensor lumen 58 and liquid supply lumen 60. The inner 
surface of the electrode lumen 50 can be spaced from 
the outer surface of the electrode by a distance "h" 
which can be, for example, from about 1 to 3 mm to 
define an additional liquid supply conduit with an 
approximate annular cross-section. 
[0034] Fig. 7 is a cross-sectional side view of the 
trilumen stylet tip shown in Fig. 6 taken along the line 7- 
7. The terminal end of the temperature sensor lumen 58 
is sealed to protect the electrical components. Thermo- 
couple 64 is placed at the distal end of the sleeve 30 to 
monitor the temperature of the tissue surrounding the 
electrode 32 and is preferably less than about 1 mm 
from the exposed electrode. Thermocouple 66 is placed 
at least about 3 mm and preferably from about 3 to 6 
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mm from the tip of sleeve 30 to monitor the temperature 
of the duct wall (such as the urethra) through which the 
stylet is extended. This is provided to ensure the duct 
wall temperature does not reach destructive levels 
when the RF treatment of tissue surrounding the 5 
extended electrode is underway. 
[0035] Fig. 8 is a plane view of the annular groove 
embodiment of the current density focusing electrode of 
this invention. In this embodiment, the electrode is 
ground to a single current focusing sharp tip 68 without 10 
secondary corner or other sharp edges which could 
also focus or crowd current. Additional current focusing 
can be provided along the electrode surface by the 
annular grooves 70 and 72. The temperature of the tis- 
sue surrounding the electrode initially increase in initial 15 
zones 74, 76 and 78. The elevated temperature zone 
then extends to two intermediate zones 80 and 82, as 
the zones from the grooves merge. Thereafter all of the 
elevated temperature zones merge to form the single 
oval zone lesion 84. Use of these current focusing 
grooves 70 and 72 produces a more symmetrical lesion. 
[0036] Fig. 9 is a plane view of the spiral groove 
embodiment of the current density focusing electrode of 
this invention. In this embodiment, the electrode is also 
ground to a single current focusing sharp tip 86 without 
secondary sharp corners or edges which could also 
focus or crowd current. Additional current focusing can 
be provided along the electrode surface by at least one 
spiral or helical groove 88. The temperature of the tis- 
sue surrounding the electrode initially increase in the 
initial tip zone 90 and a spiral zone 92. The elevated 
temperature zone then extends to two intermediate 
zones 94 and 96, as the spiral zone 92 merges to form 
a single zone 96. Thereafter all of the elevated temper- 
ature zones merge to form the single oval zone lesion 
98. Use of the spiral focusing groove 88 provides a more 
symmetrical lesion. 

[0037] Fig. 10 is an exploded view of the RF abla- 
tion catheter assembly shown in Fig. 1. The upper han- 
dle plate 276 has two central slots 278 and 280 through 
which the electrode control slides 10 and 11 are 
attached to respective left electrode slide block 282 and 
right electrode slide block 284. Sleeve control slides 12 
and 13 are attached through outer slots 286 and 288 to 
respective left sleeve slide block 290 and right sleeve 
slide block 292. Fiber optic receptor housing 30 is 
mounted on the proximal surface of the upper handle 
plate 276. The electrical receptor 294 is received in 
respective cavities 296 and 298 in the upper handle 
plate 276 and lower handle plate 300 attached thereto. 
The lower handle plate 300 has a central cavity 302 
which accommodates the electrode and sleeve slide 
blocks and associated elements. 
[0038] Microswitch activator blocks 304 (only left 
sleeve block shown) are connected to the sleeve slide 
blocks 290 and 292. They are positioned to actuate the 
microswitches 306 when the respective sleeve block 
(and sleeve attached thereto) have been advanced. The 



microswitches 306 hold the respective RF power cir- 
cuits open until the respective sleeves are advanced to 
a position beyond the urethra wall and into the prostate 
to prevent direct exposure of the urethra to the ener- 
gized RF electrodes. Extension of the sleeve 5 mm 
beyond the guide is usually sufficient to protect the ure- 
thra. 

[0039] The tension-torque tube assembly 308 is 
mounted in the distal end of the housing in the receptor 
310. 

[0040] Fig. 11 is an isometric view of the adjuster 
block and tension tube assembly 308 of the RF ablation 
catheter shown in Fig. 10. The torque tube 312 extends 
from the torque coupler 314 through the twist control 
knob 316 to the stylet guide 6. Bending flexure of the 
torque tube 312 during use lengthens the path from the 
handle to the guide tip 6. To prevent a resulting retrac- 
tion of the stylet sleeve and electrode components when 
the torque tube 312 is flexed, a tension tube 318 having 
a fixed length and diameter smaller than the inner diam- 
eter of the torque tube 312 is provided. The distal end of 
the tension tube 318 is securely attached to the stylet 
guide 6, and the proximal end 320 is secured to the 
adjuster block 322, for example by an adhesive. The 
axial position of the adjuster block 322 can be adjusted 
to ensure the stylets 8 are initially positioned just inside 
the outlet ports in the stylet guide 6. Torque coupler 314 
is mounted on the coupler block 324. Twist control knob 
stop pin 326 extends into a grove (not shown) and limits 
rotation of the control knob 316. 
[0041] Fig. 12 is a detailed view "A" of the distal end 
tension tube connections of the tension tube shown in 
Fig. 11. The tension tube 318 is securely connected to 
the proximal end 328 of the stylet guide 6, for example 
by a length of shrink tubing 330. 
[0042] Fig. 1 3 is an exploded view of the sleeve and 
electrode slide block assembly of the embodiment 
shown in Fig. 10. The right sleeve slide block 292 has a 
projection 332 which extends inward under the right 
electrode slide block 284. Right sleeve connector 334 is 
mounted to the inner end of the projection 332, secured 
to the end of the proximal end of the sleeve 336. Right 
electrode connector 338 is attached to an inner surface 
of the electrode slide block 284 and is secured to the 
proximal end of electrode 340. The right sleeve and 
electrode slide blocks 292 and 284 are slidingly 
attached to the right friction adjustment rail 342 by 
screws (not shown) through slots 348 and 346, the 
screws being adjustable to provide sufficient friction 
between the blocks and the rail 342 to provide secure 
control over the stylet movement. The left sleeve slide 
block 290 and left electrode slide block 282 are mirror 
replicas of the right blocks and are similarly mounted on 
the left friction rail 344. The left sleeve and electrodes 
are not shown. 
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Claims 

1 . A medical probe device for medical treatment of tis- 
sue at a treatment site in a body accessible through 
a natural body lumen defined by a wall and opening 
outside the body to provide a natural body opening 
comprising a catheter (2) having proximal and distal 
extremities and having a passageway (28) extend- 
ing from the proximal extremity to the distal extrem- 
ity, a flexible stylet (8) slidably mounted in the 
passageway, the distal extremity of the catheter 
having a stylet guide housing (6) having at least 
one stylet port and stylet guide means in communi- 
cation with the passageway for directing the stylet 
sidewise of the catheter, the stylet including an 
insulating sleeve (30) having proximal and distal 
extremities and having an electrode lumen (50) ter- 
minating in a distal port at the distal extremity of the 
insulating sleeve, a radio frequency electrode (32) 
being positioned in the electrode lumen for longitu- 
dinal movement therein, a handle (4) coupled to the 
proximal extremity of the catheter for introducing 
the distal extremity of the catheter into the natural 
body opening to a position adjacent the treatment 
site, the handle including means 
(334,338,10,11,12,13) for advancing the stylet to 
cause the tip of the radio frequency electrode to 
penetrate the wall and extend into the tissue at the 
treatment site with the insulating sleeve extending 
through the wall, means (16) for supplying radio fre- 
quency energy to the radio frequency electrode to 
cause a thermal effect in the tissue at the treatment 
site while the insulating sleeve protects the wall 
from the thermal effect caused by the radio fre- 
quency energy, the insulating sleeve being provided 
with a second lumen (60) extending from the proxi- 
mal extremity to the distal extremity of the insulating 
sleeve. 

2. A medical probe device as in Claim 1 wherein a 
third lumen (58) is provided in the insulating sleeve 
that terminates in a sealed closure adjacent the dis- 
tal end of the insulating sleeve and in which lumen 
a temperature sensing means (64) is provided 
which is positioned at the distal extremity of the 
insulating sleeve. 

3. A medical probe device as in Claim 2 wherein an 
additional temperature sensing means (66) is dis- 
posed in the second lumen (60) of the insulating 
sleeve (30), the additional temperature sensing 
means (66) being spaced proximally from said first 
temperature sensing means (64) whereby, when 
the insulating sleeve is disposed in the wall, said 
first temperature sensing means monitors the tem- 
perature of the tissue surrounding the radio fre- 
quency electrode (32) and the additional 
temperature sensing means monitors the tempera- 



ture of the wall. 

4. A device as in Claim 2 wherein the inner surface of 
the electrode lumen is spaced from the outer sur- 

5 face of the radio frequency electrode (32) to define 
an additional liquid supply duct with an approximate 
annular cross section. 

5. A medical device as in Claim 2 wherein the insulat- 
10 ing sleeve (30) is provided with a third lumen (58) 

extending from the proximal extremity to the distat 
extremity of the insulating sleeve spaced apart from 
the second lumen (60). 

15 6. A medical probe device as in Claim 1 wherein 
means (334,338,10,1 1 ,12,13) is carried by the han- 
dle (4) for causing relative movement between the 
insulating sleeve and the radio frequency electrode. 

20 7. A medical probe device as in Claim 1 wherein the 
radio frequency electrode (32) has a distal length 
provided with at least one current focusing groove 
(70) thereon, the tip (68) being shaped to focus cur- 
rent on its terminal end whereby radio frequency 

25 current passing therefrom into surrounding tissue 
forms a lesion extending outward from the groove 
and tip. 

8. A medical probe device as in Claim 7 wherein the 
30 distal length of the radio frequency electrode (32) is 

provided with a plurality of annular focusing grooves 
(70,72) thereon. 

9. A medical probe device as in Claim 7 wherein the 
35 distal length of the radio frequency electrode (32) is 

provided with a spiral focusing groove (88) thereon. 

Patentanspriiche 

40 1. Medizinische Sondenvorrichtung zur medizini- 
schen Behandlung von Gewebe an einer Behand- 
lungsstelle in einem Korper, die uber ein 
naturliches Korperlumen zuganglich ist, das durch 
eine Wand definiert ist und sich in Bezug auf den 

45 Korper nach auGen offnet, wodurch eine naturliche 
Korperoffnung entsteht, umfassend einen Katheter 
(2) mit einem proximalen und einem distalen Ende, 
der einen Durchgang (28) aufweist, der sich vom 
proximalen Ende zum distalen Ende erstreckt, 

so einen flexiblen Katheterdrain (8), der so im Durch- 
gang montiert ist, dass er darin gleiten kann, wobei 
das distale Ende des Katheters ein Katheterdrain- 
FOhrungsgehause (6) aufweist, das zumindest eine 
Katheterdrain-Offnung und ein Katheterdrain-Fuh- 

55 rungsmittel aufweist, das sich mit dem Durchgang 
in Kommunikation befindet, urn den Katheterdrain 
in Bezug auf den Katheter zur Seite zu lenken, 
wobei der Katheterdrain eine Isolierhulle (30) 
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umfasst, die ein proximales und ein distales Ende 
aufweist sowie ein Elektroden lumen (50) aufweist, 
das in einer distalen Offnung am distalen Ende der 
isolierhulle endet, wobei eine Radiofrequenzelek- 
trode (32) so in, Elektrodenlumen angeordnet ist, 
dass sie sich in Langsrichtung darin bewegen kann, 
einen Griff (4), der an das proximate Ende des 
Katheters gekoppelt ist, urn das distale Ende des 
Katheters bis zu einer Position in die naturliche Kor- 
peroffnung einzufuhren, die an die Behandlungs- 
stelle angrenzt, wobei der Griff Mittel (334, 338, 10, 
11,12, 13) umfasst, urn den Katheterdrain vorwarts 
zu bewegen, um zu bewirken, dass die Spitze der 
Radiofrequenzelektrode die Wand durchdringt und 
sich an der Behandlungsstelle in das Gewebe 
erstreckt, wobei sich die Isolierhulle durch die 
Wand erstreckt, Mittel (16) zum Zufuhren von 
Radiofrequenzenergie zur Radiofrequenzelek- 
trode, um im Gewebe an der Behandlungsstelle 
eine thermische Wirkung zu verursachen, wahrend 
die Isolierhulle die Wand vor der thermischen Wir- 
kung schutzt, die durch die Radiofrequenzenergie 
verursacht wird, wobei die Isolierhulle mit einem 
zweiten Lumen (60) versehen ist, das sich vom pro- 
ximalen Ende zum distalen Ende der Isolierhulle 
erstreckt. 

2. Medizinische Sondenvorrichtung nach Anspruch 1 , 
worin in der Isolierhulle ein drittes Lumen (58) vor- 
gesehen ist, das in einem abgedichteten VerschluB 
in Nachbarschaft des distalen Endes der Isolier- 
hulle endet und in dem ein Temperaturfuhlermittel 
(64) vorgesehen ist, das am distalen Ende der Iso- 
lierhulle angeordnet ist 

3. Medizinische Sondenvorrichtung nach Anspruch 2, 
worin ein zusatzliches Temperaturfuhlermittel (66) 
im zweiten Lumen (60) der Isolierhulle (30) ange- 
ordnet ist, wobei das zusatzliche Temperaturfuhler- 
mittel (66) proximal vom erstgenannten 
Temperaturfuhlermittel (64) beabstandet ist, 
wodurch, wenn die Isolierhulle in der Wand ange- 
ordnet ist, das erstgenannte Temperaturfuhlermittel 
die Temperatur des die Radiofrequenzelektrode 
(32) umgebenden Gewebes uberwacht und das 
zusatzliche Temperaturfuhlermittel die Temperatur 
der Wand uberwacht. 

4. Vorrichtung nach Anspruch 2, worin die Innenfla- 
che des Elektrodenlumens von der Auftenflache 
der Radiofrequenzelektrode (32) beabstandet ist, 
so dass eine zusatzliche Flussigkeitszufuhrleitung 
definiert wird, die einen in etwa ringformigen Quer- 
schnitt aufweist. 

5. Medizinische Vorrichtung nach Anspruch 1, worin 
die Isolierhulle (30) mit einem dritten Lumen (58) 
versehen ist, das sich in einem Abstand vom zwei- 



ten Lumen (60) vom proximalen Ende zum distalen 
Ende der Isolierhulle erstreckt. 

6. Medizinische Sondenvorrichtung nach Anspruch 1 , 
5 worin ein Mittel (334, 338, 10, 1 1 , 12, 13) vom Griff 
(4) getragen wird, um Relativbewegung zwischen 
der Isolierhulle und der Radiofrequenzelektrode zu 
bewirken. 

10 7. Medizinische Sondenvorrichtung nach Anspruch 1, 
worin die Radiofrequenzelektrode (32) eine distale 
Lange aufweist, die mit zumindest einer Stromfo- 
kussierungsrille (70) darauf versehen ist, wobei die 
Spitze (68) so geformt ist, dass sie Strom auf ihrem 

15 Endpunkt fokussiert, wodurch Radiofrequenzstrom, 
der daraus in das umgebende Gewebe gelangt, 
eine Lasion bildet, die sich von der Rille und Spitze 
nach aulien erstreckt. 

20 8. Medizinische Sondenvorrichtung nach Anspruch 7, 
worin die distale Lange der Radiofrequenzelek- 
trode (32) mit einer Vielzahl ringformiger Fokussie- 
rungsrillen (70, 72) darauf versehen ist. 

2$ 9. Medizinische Sondenvorrichtung nach Anspruch 7, 
worin die distale Lange der Radiofrequenzelek- 
trode (32) mit einer spiralformigen Fokussierungs- 
rille (88) darauf versehen ist. 

30 Revendications 

1. Dispositif a sonde medicale pour le traitement 
medical de tissus a un site de traitement dans un 
corps accessible a travers une lumiere naturelle du 

35 corps definie par une parol et une ouverture a 
I'exterieur du corps afin de procurer une ouverture 
naturelle du corps, comprenant un catheter (2) 
ayant des extremites proximale et distale et ayant 
un passage (28) s'etendant de I'extremite proximale 

40 a I'extremite distale, un stylet flexible (8) monte de 
maniere permettant le coulissement dans le pas- 
sage, I'extremite distale du catheter ayant un loge- 
ment de guidage du stylet (6) comportant au moins 
une porte de stylet et un moyen de guidage de sty- 

45 let en communication avec le passage pour dinger 
le stylet sur le cote du catheter, le stylet incluant un 
manchon d'isolation (30) ayant des extremites 
proximale et distale et ayant une lumiere d'elec- 
trode (50) se terminant par une porte distale a 

so I'extremite distale du manchon d'isolation, une elec- 
trode de radiofrequence (32) etant positionnee 
dans la lumiere d'electrode pour effectuer un mou- 
vement longitudinal dans celle-ci, une poignee (4) 
couplee a I'extremite proximale du catheter pour 

55 introduire I'extremite distale du catheter dans 
I'ouverture naturelle du corps vers une position 
adjacente au site de traitement, la poignee compre- 
nant des moyens (334, 338, 10, 11, 12, 13) pour 
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faire avancer le stylet de facon a amener I'extremite 
de I'electrode de radiofrequence a p6netrer dans la 
paroi et s'etendre dans le tissu au site de traite- 
ment, le manchon d'isolation s'etendant a travers la 
paroi, des moyens (16) pour apporter de I'energie 
de radiofrequence a I'electrode de radiofrequence 
afin de provoquer un effet thermique dans le tissu 
au site de traitement tandis que le manchon d'isola- 
tion protege la paroi de I'effet thermique provoque 
par I'energie de radiofrequence, le manchon d'iso- 
lation etant pourvu d'une deuxieme lumiere (60) 
s'etendant de I'extremite proximale a I'extremite dis- 
tale du manchon d'isolation. 

2. Dispositif a sonde medicale suivant la revendication 

1, dans lequel une troisieme lumiere (58) est pre- 
vue dans le manchon d'isolation et se termine par 
une fermeture scellee adjacente a I'extremite dis- 
tale du manchon d'isolation et dans laquelle 
lumiere un moyen de detection de la temperature 
(64) est prevu, lequel est positionne a I'extremite 
distale du manchon d'isolation. 

3. Dispositif a sonde medicale suivant la revendication 

2, dans lequel un moyen supplementaire de detec- 
tion de la temperature (66) est dispose dans la 
deuxieme lumiere (60) du manchon d'isolation (30), 
le moyen supplementaire de detection de la tempe- 
rature (66) etant espace de maniere proximale du 
premier moyen mentionne de detection de la tem- 
perature (64), le premier moyen mentionn6 de 
detection de la temperature surveillant la tempera- 
ture du tissu entourant I'electrode de radiofre- 
quence (32) et le moyen supplementaire de 
detection de la temperature surveillant la tempera- 
ture de la paroi lorsque le manchon d'isolation est 
dispose dans la paroi. 

4. Dispositif suivant la revendication 2, dans lequel la 
surface interieure de la lumiere d'electrode est 
espacee de la surface exterieure de I'electrode de 
radiofrequence (32) afin de definir un conduit sup- 
plementaire d'apport de liquide avec une section 
transversale approximativement annulaire. 

5. Dispositif medical suivant la revendication 1 , dans 
lequel le manchon d'isolation (30) est pourvu d'une 
troisieme lumiere (58) s'etendant de I'extremite 
proximale a I'extremite distale du manchon d'isola- 
tion en etant espacee de la deuxieme lumiere (60). 

6. Dispositif a sonde medicale suivant la revendication 
1, dans lequel des moyens (334, 338, 10, 11, 12, 
13) sont portes par la poignee (4) pour provoquer 
un mouvement relatif entre le manchon d'isolation 
et I'electrode de radiofrequence. 

7. Dispositif a sonde medicale suivant la revendication 



1, dans lequel I'electrode de radiofrequence (32) a 
une longueur distale pourvue sur celle-ci d'au 
moins une rainure de focalisation du courant (70), 
I'extremite (68) etant formee de facon a focaliser le 
5 courant a son extremite terminate, le courant de 
radiofrequence passant de celle-ci dans les tissus 
environnant formant une lesion s'etendant a I'exte- 
rieur de la rainure et de I'extremite. 

w 8. Dispositif a sonde medicale suivant la revendication 
7, dans lequel la longueur distale de I'electrode de 
radiofrequence (32) est pourvue sur celle-ci d'une 
pluralite de rainures de focalisation annulaires (70, 
72). 

15 

9. Dispositif a sonde medicale suivant la revendication 
7, dans lequel la longueur distale de I'electrode de 
radiofrequence (32) est pourvue sur celle-ci d'une 
rainure de focalisation spiralee (88). 
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Description 

Background of the Invention 

[0001] Urinary incontinence, such as stress inconti- 5 
nence, in females is a substantial problem throughout 
the world. A variety of mechanisms have been suggest- 
ed for use to alleviate the condition, which can be a so- 
cial as well as a medical problem, to those afflicted with 
the problem. 10 
[0002] Many suggested medical devices to alleviate 
urinary incontinence in females require the use of inter- 
nal components, such as catheters, balloons, pessaries 
or the like, which pass into the urethra, and are posi- 
tioned within the body in use. Such internal components 15 
can be a source of irritation to the body and, in some 
cases, can result in infection or other unwanted body 
reactions. Moreover, such devices as are known can be 
expensive and/or inconvenient to use and transport for 
use. 

[0003] GB-A-21 93438 describes a urethral cap com- 
prising a resilient, and at least partially-deformable, 
body defining a chamber therewithin, as well as an en- 
circling flange having a body-contacting surface which 
acts as a sealing surface. 

Summary of the Invention 

[0004] It is an aim of this invention to provide a ure- 
thral cap for alleviating urinary incontinence, such as 
stress incontinence in females, which cap is inexpen- 
sive to provide, is simple to apply and remove, and 
which does not create a high risk of body infection. 
[0005] Another aim of this invention is to provide a 
urethral cap in accordance with the preceding cap which 
utilises atmospheric pressure to maintain the cap in po- 
sition on the body of a user. 

[0006] Still another aim of the present invention is to 
provide a urethral cap in accordance with the preceding 
objects which can incorporate a sealing material which 
can be a lubricant or adhesive to aid attachment to the 
body. 

[0007] Still another aim of the present invention is to 
provide a urethral cap usable in a method of alleviating 
urinary incontinency in a user by applying this urethral 
cap blocking the outer orifice of the urethra at the mea- 
tus, and utilising an air pressure difference to maintain 
the cap on the body of a user. 
[0008] Still another aim of this invention is to provide 
a urethral cap usable in a method in accordance with 
the preceding method, wherein an adhesive is used in 
conjunction with holding the cap on the body. 
[0009] Still another aim of this invention is to provide 
a urethral cap usable in a method in accordance with 
the preceding aims which can be rapidly carried out by 
a user, and provides safe and certain protection against 
incontinency in women. 

[0010] The present invention provides a urethral cap 



for alleviating urinary incontinence when applied over 
the meatus of the body of a user, the cap comprising a 
resilient, at least partially-deformable cap body having 
a hand gripping portion, the cap body defining a cham- 
ber therewithin sized to allow for reciprocal resilient de- 
formation of the cap body to provide a vacuum therein 
to hold the urethral cap on the body of the user, and to 
close the meatus of the body of the user, the chamber 
defining a central axis passing from the top of the cap 
to the bottom of the cap, the cap body defining, at its 
bottom, an encircling flange having a body-contacting 
surface to act as a sealing surface with the body of the 
user, thereby closing the meatus of the user by com- 
pression, wherein the cap carries a sealing material over 
the body-contacting surface for aiding in preventing liq- 
uid flow between the body-contacting surface and the 
body of the user when the cap is in use, characterised 
in that the cap provides a generally frustoconical inner 
surface adjacent to the body-contacting surface to aid 
in closing the meatus by compression. 
[001 1] Preferably, the encircling flange has a diame- 
ter of substantially 3 centimetres, and preferably in the 
range of substantially 2.4 to 3.3 centimetres, to allow 
proper positioning on the female body at the orifice of 
the urethra. Preferably, the cap is formed of a resilient 
body-compatible rubbery material such as silicone rub- 
ber, and can be sterilised and packaged under sterile 
conditions. 

[0012] By using the invention, urinary incontinence in 
women is alleviated and unwanted urinary flow prevent- 
ed by applying a urethral cap having an internal cham- 
ber, over a urethra outer body orifice of the user. The 
cap defines a hand-gripping portion and an encircling 
flange having a body-contacting surface which aids in 
sealing the urethral cap to the body of the user. Air pres- 
sure is employed below atmospheric air pressure to 
maintain the cap in place, and to compress the meatus. 
The urethral cap is removed to allow voiding when de- 
sired, and can be re-applied. 

[001 3] It is a feature of this invention that the chance 
of infection and internal irritation to a user is reduced, 
since no components of the cap pass into, or through, 
the urethra of the user, and the cap is external to the 
body. The cap can be made of standard non-irritating 
body-compatible materials such as silicone rubbers and 
the like. In use, the air pressure difference between the 
chamber of the cap and the atmosphere holds the cap 
in place. This positioning can be enhanced by use of an 
adhesive sealing material if desired, and/or is preferably 
enhanced by the use of a non-adhesive sealing materi- 
al. The sealing material can be pre-applied. The cap al- 
lows for collection of a small amount of urine in an inter- 
nal chamber, as well as ease of removal to allow urinary 
flow and ease of replacement. In ordinary use, the mea- 
tus is closed by the urethral cap, and no urine leakage 
occurs to the chamber or outside of the body. The cap 
can be made relatively inexpensively of inexpensive 
materials in proper sizing as required. A small number 
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of sizes can be used to fit the vast majority of users. 
Brief Description of the Drawings 

[0014] The above and other objects, features and ad- 5 
vantages of the present invention will be better under- 
stood from the following description when read in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a top view of a preferred embodiment of 10 
the urethral cap in accordance with this invention; 
FIG. 2 is a cross-sectional view thereof taken 
through line 2-2 Of FIG. 1; 
FIG. 3 is a bottom view thereof; 
FIG. 4 is a cross-sectional view through a section *5 
of the flange of a cap in accordance with FIG. 1 hav- 
ing a plurality of sealing layers applied thereto; 
FIG. 5 is a semi-diagrammatic top plan view of the 
urethral cap of FIG. 1 in place on the body of the 
user; and 

FIG. 6 is a diagrammatic cross-sectional view as 
through line 2-2 of FIG. 1 of the urethral cap when 
in place on the body of the user. 

Detailed Description 

[0015] A preferred embodiment of a urethral cap or 
incontinence device is illustrated at 10 as best shown in 
FIGS. 1-3. The cap comprises a body 11 defining an in- 
ner chamber 12 with an outer flange 13 and an interme- 
diate frustoconical portion 14. 
[0016] The body of the urethral cap in the preferred 
embodiment of FIG. 1 has a cylindrical wall 15 around 
a central axis 40 of the cap, with a rounded outer end 
wall 1 6, a finger gripping ledge 1 7 and a body contacting 
encircling surface 18 are provided. 
[0017] The urethral cap is preferably integrally formed 
as by conventional molding but can be made by dipping, 
spraying or other techniques. The material of the inte- 
gral cap is preferably an FDA approved medical grade 
silicone rubber. However, elastomeric materials such as 
medical grade silicone rubber sold by Dow Corning Co., 
elastomeric urethanes, polyvinyl chlorides, natural and 
other rubbery material or synthetic polymeric materials 
can be used. In some cases, the body need not be in- 
tegrally formed but can be formed of rigid materials 
which can be polymeric or metallic. In these cases, at 
least a portion of the body opening into the interior 
chamber 12 is formed of a resilient material which can 
be elastically and reciprocally moved by the fingers from 
the at rest position as shown in FIG. 2 to a compressed 
or reduced chamber position and then allowed to ex- 
pand to the at rest position. This is necessary in order 
to provide at least a partial vacuum in the chamber to 
seal the cap to the body by an air pressure differential 
between the air within the chamber and the atmospheric 
air pressure as will be described. 
[001 8] The side wall thickness of the cap is arranged 



so that side wall 15 has a thicker section and is more 
resistant to collapse or deformation by atmospheric 
pressure than is the flange portion 13 which tapers from 
the wall 1 5. The thickness of wall 1 5 can be, for example, 
1.75 millimeter thick with a preferred range of 1.5 to 2.5 
millimeter, with a flange 13 thickness I of, for example, 
0.75 millimeter in the preferred embodiment and a pre- 
ferred range of 0.5 to 1.5 millimeter and can be formed 
of an FDA approved medical grade silicone rubber. This 
difference in wall thickness prevents collapse on itself 
of the device in use, yet, allows for movement of the 
flange towards the body in use. 
[001 9] As best seen in the cross section of FIG. 6, the 
flange 13 can be deformed towards or closely contact 
the body at the planar area of the body surrounding the 
meatus or urethra orifice. A portion of orifice of the ure- 
thra indicated at 20 can be drawn into contact with the 
flange 13 and the frustoconical portion 14 which acts to 
close the meatus in order to maintain position of the cap, 
to form a good seal with the body at flange 13 and to 
close the meatus to urine flow. 
[0020] In use, the meatus is preferably closed by a 
gentle compression of the area around the meatus to 
form a closure maintained in position by an air pressure 
difference. Any structure that provides a closure of the 
meatus to urine flow, yet allows comfort in use and ease 
of reuse, can provide the advantages of this invention. 
These advantages can be obtained by the device 1 0 act- 
ing solely externally of the body without any part thereof 
entering the body of a user. 

[0021] The end wall 1 6 of the cap preferably provides 
a hand gripping wall 17 although any configuration 
which allows for finger gripping of the cap to allow posi- 
tioning on the body and removal therefrom by the fingers 
of the user is acceptable. Thus, although the cap is 
shown as a cylindrical side wall, rounded end wall top 
with frustoconical section 14 and encircling flange 13, 
the shape can vary greatly. The section 14 is important 
to provide the closure of the meatus. Generally, the an- 
gle of the interim wall surface 141 with the surface 18 is 
obtuse to enhance closure of the meatus. This internal 
wall surface 141 is a lower portion of chamber 12 and 
closes the meatus by pressure thereof. 
[0022] It is preferred that the flange 1 3 provide a body 
contacting surface 18 forming a continuous ring about 
the opening or meatus of the urethra of the body. How- 
ever, other portions of the cap can be square, round, 
oblong, bulbous, or of any shape desired. Flat, rather 
than rounded end wall 16 can be used. In all cases, suf- 
ficient interior space is provided at the inner chamber 
12 which extends to the tip of the flange, to provide for 
forming an at least partial vacuum in the chamber by 
finger compression, and allowing resilient rebound to 
the positioning as in FIG. 6. 

[0023] The dimensions of the urethral cap can vary 
greatly. 

[0024] However, consistent with normal anatomy of 
females in the United States, it is preferred that the di- 
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ameter A be in the range of 2.3 to 3.4 centimeters and 
more preferably 2.4 to 3.3 centimeters with 3 centime- 
ters being used in the preferred embodiment. Where the 
flange 13 is oval or of other encircling shapes such as 
square, oblong, triangular or the like, the maximum 5 
flange width corresponding to the diameter of flange 1 3 
between the labia is about 3.4 centimeters. Diameter B 
is preferably in the range of 1 centimeter to 2.5 centim- 
eters with 1 .5 millimeters being preferred. The height D 
of the device is preferably 1 to 3 centimeters and in the 
preferred embodiment 2 centimeters. This height can 
vary greatly but by maintaining the device approximately 
1 to 3 centimeters in height, the device can be worn with- 
out discomfort, positioned easily and is resistant to dis- 
lodging by garments worn by the user. 
[0025] Distance E can be, for example, 1.35 centim- 
eters in the preferred embodiment with the chamber di- 
ameter of chamber 12 shown at F being 75 millimeters 
in the preferred embodiment. Distance H which defines 
in part the interior chamber can be 5.25 millimeters in 
the preferred embodiment but again can vary greatly. 
The most important dimensions relate to the range of 
2.3 to 3.4 centimeters in outer diameter of flange 13 for 
proper positioning in the body and preferably the height 
is no more than about 3 centimeters to allow ease of use 
and 'reuse. 

[0026] In the preferred embodiment, Silastic HS-30, 
manufactured by Dow-Corning Corp. of Midland, Mich- 
igan, is used as the elastomeric material for the integral 
cap 10. The Silastic HS-30 preferably has a Durometer 
Shore A of 32, tensile strength psi (Mpa) 1 325(9. 1 3) and 
an elongation of 1020%. The Silastic silicone rubber can 
be cured with conventional peroxide curing agents such 
as Lupersol 101, a product of Penwalt Corp. of Buffalo, 
New York. Conventional colorants can be used to add 
color as, for example, organic and inorganic pigments. 
[0027] In use, a sealant material which can be an ad- 
hesive but need not be an adhesive, is applied to the 
body contacting surface 1 8. The purpose of this material 
shown in FIG. 4 at 30 is to provide an air and liquid seal 
between the skin of the body and the flange. If the seal 
is adhesive, it not only seals against air and liquid pres- 
sure leakage, but can also act to hold the device in con- 
tact with the body. However, it is preferred not to use 
solely an adhesive as the body adhering portion since 
this could be irritating to the body if sufficient adhesive 
is used to provide proper protection. On the other hand, 
when substantially no adhesive properties are used in 
the sealing material, sufficient protection against urinary 
leakage is provided by the incontinence device 10 of this 
invention. 

[0028] The cap preferably is symmetrical about a cen- 
tral axis 40 shown in FIGS. 2 and 3 although it need not 
be symmetrical in all embodiments. 
[0029] The sealing material 30 can be known adhe- 
sives which are nonirritating to the body and can be used 
in contact with the body over a period of time. Such ad- 
hesives include the water soluble paste FIXADENT® or 



CONFIDENT an adhesive produced by Block Drug of 
Jersey City, New Jersey. However, sealing materials 
such as conventional lubricants including petrolatum or 
petroleum jelly such as Vaseline® can be used without 
adhesive properties. The sealing material such as pe- 
troleum jelly compensates for irregularities in the skin or 
cap sealing surface flange and thus provides for protec- 
tion against air and urine leakage in use of the device 
when the device is applied to the body. 
[0030] The sealing material 30 can be applied by the 
user using a Q-tip applicator or the fingertip to rub the 
vaseline or adhesive over the body sealing surface just 
prior to use. In some cases, the lubricant or adhesive 
can be prepositioned on the device with a cover or re- 
lease strip 31 applied thereover to prevent sticking or 
removal of the sealant or adhesive prior to application. 
In some cases, a plurality of sealant and cover strips 
can be used as suggested in FIG. 4 at 32 and 33. Thus, 
in the first application, the lower strip 33 is removed ex- 
posing an underlying surface 32 of adhesive or lubricant 
sealing material for a first application to the body. This 
can be done where the sealant directly contacting the 
flange directly is an adhesive and, thus, the product is 
maintained on the body. After first removal, the second 
cover strip 31 can be removed to expose the underlying 
adhesive 30 for a second application. Any number of 
protective strips and sealant layers can be used as de- 
sired. In the preferred embodiment, the sealant material 
is applied just prior to use by the user as when vaseline 
petroleum jelly is used. 

[0031] FIGS. 5 and 6 diagrammatically show place- 
ment on the body. In FIG. 5, the labia 41 are diagram- 
matically illustrated with the urethral opening or meatus 
42 being shown with the flange 13 positioned thereover. 
In FIG. 6, the cap 10 is shown in position with the skin 
of the body about the meatus pulled into direct contact 
with the body contacting surface 18 of the flange and 
the underside of the frustoconical portion 14. This closes 
the urethral orifice and the positioning of the skin below 
the flange acts to aid in centering and maintaining the 
cap in position on the body as well as to prevent urine 
outflow. Similarly, because the flange 13 is positioned 
to lie substantially just within the labia 41 at a planar 
area around the meatus, positioning is maintained and 
this spacing aids in locating and placing the urethral cap 
in position. 

[0032] In the method of applying the urethral cap of 
this invention, the cap is deformed inwardly by the fin- 
gers of the user and then applied to the orifice of the 
urethra and allowed to expand to its original shape as 
shown in FIG. 2. This creates a vacuum within the inner 
chamber 12 causing outside atmospheric pressure to 
push against the flange 13 and frustoconical portion 14 
and maintain the urethral cap in good sealing engage- 
ment with the body. The skin or tissue immediately sur- 
rounding the meatus is compressed by the air pressure 
difference and a seal is formed with the cap 10 at the 
surface 141. The sealing material pre-applied to the 
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body-contacting surface aids in maintaining the seal. 
The pressure differential between the inside of the cap 
and the atmosphere can vary greatly. This depends in 
part on atmospheric conditions, as well as how much 
depression is applied to the chamber before it resiliently 
returns to its normal position shown in Figure 2. In some 
cases, the full repositioning of Figure 2 is not achieved 
after compression of the side wall in application, but in 
all cases, some chamber vacuum or partial vacuum re- 
mains inside the cap. The interior chamber 12 can act 
as a reservoir if there is some leakage while the cap is 
in place, although this does not normally occur. 
[0033] As previously noted, the skirt size is such that 
it aids in positioning the skirt in proper position over the 
urethral orifice, and also maintaining the cap in place. 
The finger grip is important for placement particularly in 
older patients. The finger grip can be simply the cylin- 
drical outer surface of chamber 12. 
[0034] The differential in air pressure between the in- 
side of the cap and the atmosphere is difficult to deter- 
mine. In many cases, the air pressure differential may 
be as little as 6900 Pa (1 psi), or can be 13800-34500 
Pa (2-5 psi) or 41400-690000 Pa (6-10 psi) or more. 
Preferably, the pressure is applied by the depression of 
the cap and the expansion thereof towards its original 
shape since the walls are resiliently deformable. This 
can result in different amounts of pressure when even 
the same cap is used depending on how it is applied 
and how much depression occurs. Surprisingly, it has 
been found that, even with small caps, following the 
method of this invention, sufficient air pressure differ- 
ence is obtained to maintain the cap in position and 
avoid urine flow. 

[0035] Thus, a user can alleviate urinary incontinence 
such as stress incontinence by applying the cap over 
the urethral orifice using the labia spacing to help posi- 
tion the cap. Prior to contact with the body, the cap is 
resiliently depressed at the hand gripping portion and 
the encircling flange is brought into contact with the skin 
surrounding the orifice opening. The body contacting 
portion of the flange has been previously treated with 
petroleum jelly or an adhesive as previously described. 
Slight pressure on the skin and release of the pressure 
deforming the cap causes a suction within the cap and 
provides the air pressure difference on the outside of 
the flange and frustoconical portion 14 that maintains 
the cap in place on the body and closes the meatus as 
shown in Fig. 6. The cap can be easily removed to allow 
voiding when desired. In some cases, the cap can mere- 
ly be pulled off the skin although a slight depression of 
the finger gripping portion is desired to alleviate the 
pressure difference first. The device is comfortable in 
use, can be easily applied by a majority of patients and 
has been found to prevent urinary leakage and thus al- 
leviate urinary incontinence in women, including stress 
urinary incontinence. 

[0036] In the preferred embodiment, the cap is pack- 
aged in a surrounding clear plastic container or enve- 



lope diagrammatically illustrated at 50. This maintains 
the cleanliness of the cap prior to usage. Such enve- 
lopes are known in the art and can comprise thin plastic 
films which can be see through or opaque. Other con- 

5 ventional packages can be used to store and transport 
the urethral cap to maintain cleanliness. In some cases, 
a plurality of caps can be packaged in a single package 
or no package need be used. In some cases, the caps 
of this invention can be sterilized. Preferably, the caps 

10 1 o of this invention are manufactured and packaged un- 
der and meeting ISO 9000 standards to provide clean- 
liness, manufacturing quality and lot control. Thus, con- 
tamination, including bacterial contamination, is mini- 
mized. 

15 [0037] The urinary caps of this invention can be ster- 
ilized to reduce the risk of infection or irritation to the 
skin. Sterilization is not required since the device is ex- 
ternal to the body and does not have any component 
passing within the urethra. 

20 [0038] It has been found that caps of this type are use- 
ful for long periods of time and maintain the contact with 
the skin in sealing arrangement for periods of 2 to" 6 
hours or more in some cases. 

[0039] While specific embodiments of this invention 
25 have been shown and described, it will be obvious to 
those skilled in the art that many variations are possible. 
The particular materials, integral nature, geometric con- 
figuration of the devices of this invention can vary great- 
ly. In all cases, a pressure differential is instrumental in 
30 providing a body contacting seal to alleviate conditions 
of incontinency which seal acts along with a mechanical 
closure of the meatus. The seal formed by the flange 
13, portion 14 and the body by the air pressure differ- 
ence between the chamber and atmosphere and the ad- 
35 hesive contact if used, is sufficiently strong to withstand 
and to prevent urinary flow out of the cap over long pe- 
riods of time at urinary pressures normally encountered 
at the urethral orifice. 

40 

Claims 

1. A urethral cap (10) for alleviating urinary inconti- 
nence when applied over the meatus of the body of 

45 a user, the cap comprising a resilient, at least par- 
tially-deformable cap body (11) having a hand grip- 
ping portion (17), the cap body defining a chamber 
(12) therewithin sized to allow for reciprocal resilient 
deformation of the cap body to provide a vacuum 

so therein to hold the urethral cap on the body of the 
user, and to close the meatus of the body of the us- 
er, the chamber defining a central axis (40) passing 
from the top of the cap to the bottom of the cap, the 
cap body defining, at its bottom, an encircling flange 

55 (1 3) having a body-contacting surface (18) to act as 
a sealing surface with the body of the user, thereby 
closing the meatus of the user by compression, 
wherein the cap carries a sealing material (30) over 
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wherein the sealing material (30) is an adhesive. 

11. A urethral cap as claimed in any one of clams 1 to 
10, wherein the cap (10) conforms to ISO 9000 

5 manufacturing standards. 

12. A urethral cap as claimed in claim 11, wherein the 
cap (10) is packaged in accordance with ISO 9000 
manufacturing standards. 

10 

13. A urethral cap as claimed in any one of claims 1 to 
12, wherein the cap (10) is integrally formed of a 
silicone rubber material compatible with, and non- 
irritating to, the skin of the body of the user. 

15 



the body-contacting surface for aiding in preventing 
liquid flow between the body-contacting surface 
and the body of the user when the cap is in use, 
characterised in that the cap provides a generally 
frustoconical inner surface adjacent to the body- 
contacting surface to aid in closing the meatus by 
compression. 

2. A urethral cap as claimed in claim 1, wherein the 
encircling flange (13) has an outer diameter of from 
substantially 2.3 to substantially 3.4 centimetres. 

3. A urethral cap as claimed in claim 2, wherein the 
encircling flange (13) has an outer diameter of sub- 
stantially 3 centimetres. 

4. A urethral cap as claimed in any one of claims 1 to 

3, wherein the bottom of the cap (10) is defined by 
the encircling flange (13), and the height of the cap 
from its top to its bottom is substantially 2 centime- 
tres. 

5. A urethral cap as claimed in any one of claims 1 to 

4, wherein the cap (10) is integrally formed of a re- 
silient material which allows ease of application to 
the body of the user by deforming the cap chamber 
(1 2), applying the cap to the body of the user about 
the orifice of a urethra, and releasing said deforming 
pressure to define an air pressure difference be- 
tween the chamber (12) and the atmosphere suffi- 
cient to seal the flange (13) to the user, and to pre- 
vent liquid flow therethrough at normal pressures 
encountered in urinary fluids expressed by the 
body, the cap further defining a meatus-constricting 
surface to close the meatus when the cap is applied 
with said pressure difference acting to position the 
cap. 

6. A urinary cap as claimed in any one of claims 1 to 

5, wherein the cap (10) is formed of an FDA-ap- 
proved silicone rubber. 

7. A urinary cap as claimed in any one of claims 1 to 

6, wherein the cap (10) carries a layer of the sealing 
material (30) over the body-contacting surface (18), 
and wherein a release strip (31 ) covers the sealing 
material. 

8. A urethral cap as claimed in claim 7, further com- 
prising a second layer of sealing material (32) over 
the release strip (31), and a second release strip 
(33) overlying the second layer of sealing material. 

9. A urethral cap as claimed in any one of claims 1 to 
8, wherein the sealing material (30) is a lubricant 
with no adhesive properties. 

10. A urethral cap as claimed in any one claims 1 to 8, 



Patentanspruche 

1. Harnrohrenkappe (10) zur Linderung von Harnin- 
20 kontinenz bei Anwendung uber der Meatus des Kor- 

pers einer Benutzerin, umfassend einen elasti- 
schen.mindestensteilweiseverformbaren Kappen- 
korper (11) mit einem Handgriffabschnitt (17), wo- 
bei der Kappenkorper eine Kammer (12) darin de- 

25 finiert, welche derart bemessen ist, dass sie eine 
elastische Hin-und Herverformung des Kappenkor- 
pers ermoglicht, urn ein Vakuum darin zum Halten 
der Harnrohrenkappe auf dem Korper der Benutze- 
rin zu liefern. und zum Schliefcen der Meatus des 

30 Korpers der Benutzerin, wobei die Kammer eine 
Mittelachse (40) definiert, welche von der Oberseite 
der Kappe zur Unterseite der Kappe verlauft, wobei 
der Kappenkorper an der Unterseite davon einen 
umgebenden Flansch (13) mit einer Korperkontakt- 

35 flache (1 8) definiert, welche als Dichtungsflache mit 
dem Korper der Benutzerin dient, wodurch der Mea- 
tus der Benutzerin geschlossen wird durch Kom- 
pression, wobei die Kappe ein Dichtungsmaterial 
(30) uber der Korperkontaktflache tragt, urn ein Ver- 

40 hindern eines Flussigkeitsflusses zwischen der 
Korperkontaktflache und dem Korper der Benutze- 
rin zu unterstutzen, wenn die Kappe im Einsatz ist, 
dadurch gekennzeichnet, dass die Kappe eine 
generell kegelstumpfartige Innenflache neben der 

45 Korperkontaktflache aufweist, urn ein Schliefien 
der Meatus durch Kompression zu unterstutzen. 

2. Harnrohrenkappe nach Anspruch 1 , wobei der um- 
gebende Flansch (13) einen Auliendurchmesser 

50 von im Wesentlichen 2,3 bis im Wesentlichen 3,4 
cm aufweist. 

3. Harnrohrenkappe nach Anspruch 2, wobei der urn- 
gebende Flansch (13) einen Auliendurchmesser 

55 von im Wesentlichen 3 cm aufweist. 

4. Harnrohrenkappe nach einem der Anspruche 1 bis 
3, wobei die Unterseite der Kappe (10) definiert ist 
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durch den umgebenden Flansch (13) und die Hone 
der Kappe von deren Oberseite zu deren Unterseite 
im Wesentlichen 2 cm betragt. 

5. Harnrohrenkappe nach einem der Anspruche 1 bis 5 

4, wobei die Kappe (10) einstuckig gebildet ist aus 
einem elastischen Material, welches eine einfache 
Anwendung auf den Korper der Benutzerin ermdg- 
licht durch Verformen der Kappenkammer (12), An- 
wenden der Kappe auf den Korper der Benutzerin w 
urn die Gffnung einer Harnrohre und Losen des Ver- 
formungsdrucks zum Definieren eines Luftdruckun- 
terschieds zwischen der Kammer (12) und der At- 
mosphare, welcherausreicht, den Flansch (13) ge- 
gen die Benutzerin zu dichten und ein Durchflielien * 5 
der Flussigkeit bei Normaldrticken, welche in vom 
Korper abgegebenen Harnflussigkeiten auftreten, 

zu verhindern, wobei die Kappe ferner eine den 
Meatus einengende Flache zum Schliefien des 
Meatus bei Anwendung der Kappe mit einem 20 
Druckunterschied, welcher zur Positionierung der 
Kappe dient, definiert. 

6. Harnrohrenkappe nach einem der Anspruche 1 bis 

5, wobei die Kappe (10) aus einem FDA-zugelas- 25 
senen Silikongummi besteht 

7. Harnrohrenkappe nach einem der Anspruche 1 bis 

6, wobei die Kappe (10) eine Schicht des Dich- 
tungsmaterials (30) uber der Korperkontaktflache 30 
(18) tragt, und wobei der Losestreifen (31) das 
Dichtungsmaterial bedeckt. 

8. Harnrohrenkappe nach Anspruch 7, ferner umfas- 
send eine zweite Schicht eines Dichtungsmaterials 35 
(32) uber dem Losestreifen (31) und einen zweiten 
Losestreifen (33) uber der zweiten Schicht des 
Dichtungsmaterials. 

9. Harnrohrenkappe nach einem der Anspruche 1 bis *o 
8, wobei das Dichtungsmaterial (30) ein Schmier- 
mittel ohne Hafteigenschaften ist. 

10. Harnrohrenkappe nach einem der Ansprache 1 bis 
8, wobei das Dichtungsmaterial (30) ein Haftmittel 
ist. 

11. Harnrohrenkappe nach einem der Anspruche 1 bis 
10, wobei die Kappe (10) den ISO 9000 Herstell- 
standards entspricht. 50 

12. Harnrohrenkappe nach Anspruch 11, wobei die 
Kappe (10) gemalJ den ISO 9000 Herstellstandards 
verpackt ist. 

55 

13. Harnrohrenkappe nach einem der Anspruche 1 bis 
12, wobei die Kappe (10) einstuckig gebildet ist aus 
einem Silikongummimaterial, welches fur die Haut 



des Korpers der Benutzerin vertraglich ist und diese 
nicht reizt. 

Revendi cations 

1 . Capuchon uretral (1 0) pour soulager Incontinence 
urinaire lorsqu'il est applique sur le meat du corps 
d'un utilisateur, le capuchon comprenant un corps 
de capuchon (11) elastique et au moins partielle- 
ment deformable presentant une partie de prehen- 
sion manuelle (17), le corps de capuchon definis- 
sant une chambre (12) a I'interieur de celui-ci di- 
mensionnee pour permettre la deformation elasti- 
que reciproque du corps de capuchon afin d'etablir 
un vide interieur destine a maintenir le capuchon 
uretral sur le corps de I'utilisateur et fermer le meat 
du corps de I'utilisateur, la chambre definissant un 
axe central (40) s'etendant du sommet du capuchon 
vers la partie inferieure du capuchon, le corps de 
capuchon definissant, au niveau de sa partie infe- 
rieure, un anneau de ceinturage (13) presentant 
une surface de contact corporel (1 8) destinee a agir . 
en tant que surface d'etancheite avec le corps de 
Tutilisateur, fermant ainsi le meat de I'utilisateur par 
compression, la surface du capuchon en contact 
avec le corps etant garnie d'une matiere d'etanchei- 
te (30) pour eviter encore plus recoupment de li- 
quide entre la surface en contact avec le corps et 
le corps de I'utilisateur lorsque le capuchon est uti- 
lise, caracterise en ce que le capuchon forme une 
surface interne generalementtronconique adjacen- 
te a la surface en contact avec le corps pour assister 
la fermeture du meat par compression. 

2. Capuchon uretral selon la revendication 1 , carac- 
t6ris6 en ce que I'anneau de ceinturage (13) pre- 
sente un diametre externe compris sensiblement 
entre 2,3 et 3,4 centimetres. 

3. Capuchon uretral selon la revendication 2, carac- 
terise en ce que I'anneau de ceinturage (13) pre- 
sente un diametre sensiblement egal a 3 centime- 
tres. 

4. Capuchon uretral selon Tune quelconque des re- 
vendications 1 a 3, caract6rise en ce que la partie 
inferieure du capuchon (10) est delimitee par I'an- 
neau de ceinturage (13), et en ce que la hauteur 
du capuchon depuis son sommet jusqu'a sa partie 
inferieure est sensiblement egale a 2 centimetres. 

5. Capuchon uretral selon I'une quelconque des re- 
vendications 1 a 4, caracterise en ce que le capu- 
chon (10) est forme d'une seule piece en une ma- 
tiere elastique qui permet une application aisee sur 
le corps de I'utilisateur par deformation de la cham- 
bre (12) du capuchon, application du capuchon sur 
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le corps de I'utilisateur au niveau de I'orifice de I'ure- 
tre, et relachement de la pression de deformation 
pour definir une difference de pression d'air entre 
la chambre (12) et I'atmosphere suffisante pour 
ajuster I'anneau de ceinturage (13) de maniere 
etanche au corps de I'utilisateur, et pour empecher 
I'ecoulement de liquide a travers celui-ci a des pres- 
sions normales rencontrees pour des fluides urinai- 
res evacues par le corps, le capuchon definissant 
en outre une surface de constriction du meat pour 
fermer le meat lorsque le capuchon est applique, la 
difference de pression agissant pour positionner le 
capuchon. 

6. Capuchon uretral selon Tune quelconque des re- 
vendications 1 a 5, caracterise en ce que le capu- 
chon (10) est realise en un caoutchouc de silicone 
approuve par la Food and Drug Administration 
(FDA). 

7. Capuchon uretral selon Tune quelconque des re- 
vendications 1 a 6, caracterise en ce que le capu- 
chon (10) comporte une couche de matiere d'etan- 
cheite (30) sur la surface en contact avec le corps 
(18) et en ce qu'une pellicule detachable (31) re- 
couvre la matiere d'etancheite. 



8. Capuchon uretral selon la revendication 7, carac- 
terise en ce qu'il comporte en outre une seconde 
couche de matiere d'etancheite (32) sur la pellicule 30 
detachable (31), et une seconde pellicule detacha- 
ble (33) recouvrant ia seconde couche de matiere 
d'etancheite. 

9. Capuchon uretral selon Tune quelconque des re- 35 
vendications 1 a 8, caracterise en ce que la ma- 
tiere d'etancheite (30) est un lubrifiant sans proprie- 

tes adhesives. 

10. Capuchon uretral selon I'une quelconque des re- *o 
vendications 1 a 8, caracterise en ce que la ma- 
tiere d'etancheite (30) est un adhesif. 

11. Capuchon uretral selon I'une quelconque des re- 
vendications 1 a 10, caracterise en ce que le ca- 45 
puchon (10) est conforme a la norme de fabrication 
ISO 9000. 

12. Capuchon uretral selon I'une quelconque des re- 
vendications 1 a 11, caracterise en ce que le ca- so 
puchon (10) est conditionne selon la norme de fa- 
brication ISO 9000. 

13. Capuchon uretral selon I'une quelconque des re- 
vendications 1 a 12, caracterise en ce que le ca- 55 
puchon (10) est forme d'une seule piece dans une 
matiere en caoutchouc de silicone compatible avec, 

et non irritative pour, la peau du corps de I'utilisa- 
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(54) Self-cleansing bladder drainage device 

(57) An urethral drain having deep external drain- 
age channels, a low-profiled bladder retention segment, 
and a reversibly detachable collection segment, facili- 
tates the draining of urine and fluids from the bladder. 
The low-profiled retention means minimizes bladder ir- 
ritations and the deep external channels reduce the oc- 
currence of infections. Incorporation of a reduced diam- 
eter smooth segment on the catheter, proximate the lo- 
cation of the external urethral sphincter allows the pa- 
tient to void normally and at will. Modifying the size of 
this smooth segment aids the function of a defective 
sphincter in controlling urine leakage. The drain can be 
worn concealed within the urethra. Flushing action from 
normal voiding washes out particulate matters in the 
urethra and the concealed drain further minimizes con- 
tamination. Together, these features improve quality of 
life for patients needing catheterization. 
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Description 

BACKGROUND OF THE INVENTION 

I. Cross Reference to Related Application : 

[0001] This application is a continuation-in-part of ap- 
plication serial no. 08/407,297, filed March 20, 1995, 
and entitled "SELF-CLEANSING BLADDER DRAIN- 
AGE DEVICE". 

II. Field of the Invention : 

[0002] This invention relates generally to body fluid 
drainage devices, and more particularly to a urinary 
drain having improved performance characteristics. 

III. Discussion of the Prior Art : 

[0003] Urethral catheters, such as the Foley catheter, 
now used for bladder drainage are essentially elongated 
tubular structures placed in the urethra for draining urine 
through the central lumen thereof. Near the distal end 
of the tube is an inflatable balloon which, when inflated 
while in the bladder, allows the catheter to be held in 
place. Its proximal end has a drainage port as well as a 
balloon inflation port. The proximal end of the catheter 
protrudes beyond the urethral orifice and can be at- 
tached to a bag receptacle for the collection of the near 
constantly dripping urine from the bladder. The collec- 
tion bag is either attached to the patient's leg when the 
patient is ambulatory, or to the side of the bed during 
bed rest. At times, a plug is used in place of the bag to 
stop the leakage of urine from the catheter tip. 
[0004] When Foley catheters or the like are used, pa- 
tients are not able to void when they want to. Rather, 
urine is continuously drained from the bladder through 
the central lumen of the elongated tube and into the col- 
lection bag. Ambulatory patients are therefore obligated 
to have the leg bag attached to their leg, and this poses 
a source of great inconvenience, unsightliness and 
problems affecting their quality of life. Due to the fact 
that urine is continuously being drained from the blad- 
der, the bladder is continuously near empty. The dome 
of the bladder, therefore, rests continuously on the wa- 
ter-filled bulging balloon retention part of the Foley cath- 
eter, causing tissue compression, irritation and erosion 
related adverse side effect problems. Furthermore, in- 
creased urinary tract infection is common with patients 
using such catheters, especially when used on a chronic 
basis. Though the causal factors have not been precise- 
ly identified, length of time of catheterization has been 
associated with an increased frequency and severity of 
urinary tract infection, presumably due to the migration 
of bacteria up the urethral tract. Frequently, yellow en- 
crusted and mucoid proteinaceous depositions contain- 
ing bacteria are found on the surfaces of the catheter 
with much higher concentration on the inner lumen sur- 



faces. The mandated usage of urine receptacles causes 
additional associated stigma of soiled clothing, furniture 
and odor. 

[0005] The Spinosa et al. Patent 3,81 5,608 discloses 
5 in Figure 9 thereof a typical Foley urinary catheter hav- 
ing an inflatable balloon 64 for retaining the distal end 
portion of the catheter with its drainage hole 56 within 
the urinary bladder. An alternative embodiment dis- 
closed in Figures 6 and 7 of the Spinosa et al. patent 
10 depicts a urinary catheter that uses a helically threaded 
. region thereof as the retention means in place of an in- 
flatable balloon. This device still relies upon the central 
lumen 46 as the urine path while the channels 48 define 
between the helical threads 44 allow for "drainage of ex- 
15 udate discharged from the prostate gland". 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a solution to in- 
20 crease the quality of life for patients who require drain- 
age catheters by solving compression and irritation re- 
lated problems, giving patients an option to carry on their 
daily lives more normally 

and reduce incidence of the common urinary tract infec- 

25 tions. One embodiment of the invention comprises a 
bladder drainage device having at least one deep, open 
fluid-drainage channels and a low profile bladder reten- 
tion means at its distal end. In addition, it can contain 
an essentially smooth segment, preferably narrowed, in 

30 the area of the external urethral sphincter. Urine drains 
from the bladder, via the open surface channels. The 
narrowed smooth segment permits the external urethral 
sphincter to function normally to shut off the leakage of 
urine from the bladder to the lower portion of the urethra. 

35 The drainage channels reappear below the external 
sphincter. When the sphincter opens, urine and fluid will 
flow past the relaxed sphincter area at the smooth, nar- 
rowed drain region, and down to the deep surface drain- 
age channels below. Unlike the situation with the Foley 

40 type catheter and the catheter of Figures 6 and 7 of the 
Spinosa et al. '608 patent, where urine is continuously 
drained in a leaking fashion from the bladder through an 
internal lumen of the drainage catheter, the present con- 
figuration of the invention allows urine to be stored in 

45 the bladder until voided in mass, much as in a normal 
manner, when the patient is ready to do so. Due to this 
natural and daily multiple automatic flushing action in 
the urethra and channel walls by a rushing of the bolus 
of urine, the bladder drain of the present invention is 

50 self-cleansing without any added external pressurized 
flushing equipment means, such as that described in U. 
S. Patent No. 4,723,946, or any added steps for the pa- 
tient. 

[0007] The device of the present invention, without 
55 the smooth segment, can be worn by patients in cases 
where constant urine drainage is required or unavoida- 
ble. Thus, the drain will have the benefits of the lower 
profile retention means for reduced bladder irritability, 
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and the deep external drainage channel(s) causing 
urine flow to be in contact with the urethral wall to min- 
imize colonization of bacteria and other contaminants 
within a lumen, thus lower possibility of infections. 
[0008] The presence of the narrow, smooth segment 5 
at the site of the external urethral sphincter region allows 
the natural constriction of the external urethral sphincter 
to terminate the flow of fluid to the distal bulbous and 
penile urethra as the sphincter normally functions. The 
patient is, therefore, able to control his own voiding fre- 10 
quency. This permits the drain device to be worn by am- 
bulatory patients without the necessity of an external 
urine drainage collection leg bag. 
[0009] Patients suffering from urinary incontinence 
have differing degrees of contra ctibility of the external is 
urinary sphincter, depending upon age and other fac- 
tors. By providing a smooth surface section that can be 
repositioned along the length of the externally grooved 
drain member and which can be selected for its outer 
diameter, a variety of patients can be accommodated. 
[0010] The distal end of the drain device located with- 
in the bladder contains a retention means for retaining 
it at the bladder neck. This preferably a coiled section 
of the flexible, deep open channeled drainage device, 
which is initially straightened for insertion in the urethra 
by a straightening stylet placed in a central lumen of the 
drain device. Removing the wire after drain placement 
restores the curl. Due to the fact that the low profile re- 
tention means is an extension of the drainage segment, 
no balloon is needed, nor is there a necessity for a per- 
pendicular, upward-protruding tubing with lateral open- 
ings for the passage of urine. The retention means is 
spaced apart from the smooth narrowed section a dis- 
tance to assure drainage within the prostatic urethra. 
Before exiting the urethra, the deep channels are re- 
placed by a traditional tubular structure, the collection 
segment, which proceeds to exit the urethra. This col- 
lection segment collects fluid from the deep external 
channel(s) above, transports it beyond the meatus of the 
penis, and permits the attachment of a urine drainage 
collection bag or a plug at the proximal end. The tubular 
collection segment can be detached from the channeled 
main drain body, thus leaving the entire drain device 
concealed inside the urethra. This further insures mini- 
mal infection from outside contamination, and avoids 
the aesthetically displeasing and uncomfortable pres- 
ence of an external device. 

[0011] Given the anatomical differences between the 
urinary systems in males and females, and in particular 
the short length and shape configuration of the female 
urethra, the drainage device for a female patient prefer- 
ably comprises a soft, flexible, plastic body member 
having a flat coil bladder retention means at its distal 
end and a corresponding retention means at its proximal 
end to prevent the device from migrating upward into 
the bladder. The proximal retention device is configured 
to conform to the vestibule proximate the urethral open- 
ing. It is preferably an open structure or perforated to 



permit exposure of the underlying tissue to air. 
[0012] In addressing female stress incontinence, a 
cuff member of a chosen size appropriate for the patient 
may be placed about the drain member to cooperate 
with the urinary sphincter, allowing the sphincter to cre- 
ate an improved seal against the cuff to block urine flow. 
[0013] Thus, the object of this invention is to greatly 
increase the quality of life for patients who require blad- 
der drainage catheters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing features and advantages of the 
invention will become apparent to those skilled in the art 
from the following detailed description of the present in- 
vention, in which numerals in the several view refer to 
corresponding parts. 



Figure 1 is an elevational view of a bladder drain in 
20 accordance with a first embodiment of the inven- 
tion; 

Figure 1(a) is a partial view of the bladder drain of 
Figure 1, but with an alternative anchoring struc- 
ture; 

25 Figure 2 is an elevational view of an alternative em- 
bodiment of the bladder drain in accordance with 
the invention; 

Figure 3 is a view illustrating the embodiment of Fig- 
ure 2 inserted in the male urethra; 
30 Figure 4 is a fragmentary, enlarged perspective 
view of the portion of a bladder drain, illustrating two 
straight surface grooves; 

Figure 5 is a fragmentary, enlarged perspective 
view of a portion of a bladder drain illustrating spiral 
35 surface grooves; 

Figure 6 is an enlarged cross-sectional view of a 
portion of the body of a bladder drain having four 
surface grooves extending the length thereof; 
Figure 7 is an enlarged cross-sectional view 
40 through a portion of the body of a bladder drain hav- 
ing three surface grooves extending along the 
length dimension thereof; 
Figure 8 is an enlarged cross-sectional view 
through a portion of the body of a bladder drain hav- 
45 ing a positionable smooth sleeve segment affixed 
thereto; 

Figure 9 is a partially sectional, fragmentary view of 
the embodiment of Figures 1 or 2 proximate the 
junction between the grooved bladder drain ele- 
50 ment and its associated collection segment; 

Figure 9(a) is an exploded, partial, sectional view of 
a drain member having straight (non-spiral) surface 
grooves and a collection tube used therewith; 
Figure 10 is an enlarged, partial, perspective view 
55 of a segment of the drain of Figure 7 and incorpo- 
rating retention rings thereon; 
Figure 1 1 is a partial side elevation of a drain device 
having the configuration of Figure 7 and illustrating 
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an alternative drain retention feature. 

Figure 12 illustrates an alternative embodiment of 

the invention for placement in the female urethra; 

Figure 1 3 illustrates the device of Figure 1 2 but with 

an alternatively configured proximal retention 5 

means; 

Figure 14 illustrates the device of Figures 12 or 13 
with a cuff member placed thereon when treating 
female stress incontinence; and 
Figures 1 5a t b and c illustrate alternative shapes for io 
the cuff member illustrated in Figure 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

15 

[001 5] Referring first to Figure 1 , there is shown a per- 
spective view of a bladder drainage device in accord- 
ance with a first embodiment of the invention. It is indi- 
cated generally by numeral 10 and is seen to comprise 
an elongated, flexible tubular member 12 having a prox- 
imal end 14 and a distal end 16 and with a stylet receiv- 
ing lumen 18 extending longitudinally toward but just 
short of the distal end 1 6. Thus, the distal end 1 6 covers 
the stylet lumen precluding the flow of body fluids there- 
through when the drainage device 10 of the present in- 
vention is in place within the urethra of a patient. 
[0016] With continued reference to Figure 1 , the body 
member 12 of the drainage device 10 is shown as in- 
cluding at least one channel 20 formed in the surface 
thereof and it extends substantially the entire distance 
from the proximal end 14 to the distal end 16. In Figure 
1, the channel 20 is shown as spirally traversing the 
drain body 12, but it is to be understood that the channel 
or channels may be straight, as well. With no limitation 
intended, for a drain device having an outside dimension 
of 0.21 inches, the helical channel 20 may have a depth 
of approximately 0.06 inches. The body member is pref- 
erably fabricated from a flexible polymer material, such 
as silicone, silastic, polyurethane or another thermo- 
plastic elastomer having a durometer shore hardness 
between about 30 and 95 shore A. 
[001 7] Disposed proximate the distal end of the blad- 
der drain device is a bladder retention segment 22 which 
comprises a curled end portion which can be straight- 
ened by the full insertion of a wire stylet (not shown) 
through the lumen 18. However, when the stylet is fully 
withdrawn following insertion of the drain assembly as 
shown in Figure 1 into the urethra with the distal portion 
within the bladder, the memory property of the plastic 
comprising the distal end portion of the drainage device 
10 allows the preformed distal end, bladder-retaining 
portion 22, to form a loop or curl as illustrated. Those 
skilled in the art can appreciate that means other than 
a controlled memory property are available for creating 
the curl on the distal end of the drainage device. For 
example, a short wire segment having a preformed 
shaped can be embedded into the body of the drain to 
enhance the formation of the curl upon extraction of the 



stylet. 

[0018] Attached to the proximal end of the bladder 
drain 1 0 is a fluid collection segment, indicated generally 
by numeral 24. The fluid collection segment 24 may be 
attached and detached from the drainage segment 12 
in a manner that will be described later herein. In its sim- 
plest form, the collection segment 24 comprises an elon- 
gated plastic tube having an internal lumen extending 
from the proximal end 14 of the drain segment 10 to an 
open distal end 28 which forms the drain outlet. The col- 
lection segment 24 can accept a drainage bag or a plug 
not shown. 

[001 9] To facilitate removal of the drain, a strand such 
as a monofilament nylon line 25, is fixedly secured to 
the proximal end 14 of the drain 1 2 and extends beyond 
the proximal end 28 of the collection segment 24 and 
out the urethral opening in the penis. By grasping the 
monofilament line 25 by the loop 27 and pulling on the 
line, the memory property of the fixation member 22 is 
overcome and the drain can be readily pulled through 
the urethra and out the end of the penis. If desired, the 
line 25 may terminate short of the proximal end 28 of 
the collection segment 24 and in that event, an instru- 
ment having a hook on it may be passed up the lumen 
of the collection segment 24 to grasp a loop 29 tied in 
the line. By now pulling on the instrument, the drain 
member 12 can again be removed. 
[0020] An alternative embodiment of the invention is 
depicted in Figure 2. The assembly of Figure 2 is similar 
in most respects to the embodiment of Figure 1 except 
that in the drain device 30 of Figure 2, the tubular mem- 
ber 12 includes a narrowed and smooth (non-chan- 
neled) segment 32 for cooperating with the external 
sphincter of the urethra. At the distal end of the segment 
32 is a tapered shoulder 35 and at the proximal end is 
a more squared shoulder 36. The length of segment 32 
is preferably in the range of from 0.5 cm to 5.0 cm and 
its outer diameter may be from 0.1 to 2.0 cm. 
[0021] Referring next to Figure 3, it shows the bladder 
drain device 30 of the embodiment of Figure 2 disposed 
in the male urethra. The bladder retention portion 22 is 
located proximate the neck of the bladder 34 and with 
the installation stylet (not shown) fully removed, the 
bladder retention portion assumes its flat spiral config- 
uration, thereby holding the drainage device in place. 
The portion of the drainage device 30 located above the 
tapered shoulder 34 is dimensioned to traverse the 
prostate 36 and with the zone 32 of reduced diameter 
extending through the external urethral sphincter 38. If 
desired, a string or monofilament 25 can be co-extruded 
with the drain device of Figure 2 to inhibit stretching of 
the device in zone 32 when tensile forces are applied 
during removal of the drain. 

[0022] The spiral curl 22 comprising the retention el- 
ement is essentially perpendicular to the axial length of 
the drain and does not protrude appreciably above the 
base of the bladder. This low, flat profile distinguishes 
the present invention from the common Foley catheter, 
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which is retained by means of a liquid filled balloon, as 

well as from the device shown in U.S. Patent No. 

4,738,667 to Galloway. The removal of a straightening 
stylet, as compared to the removal of an outer shield in 
the Galloway device, serves to minimize any irritation to 
the urethral wall of the patient. The use an internal 
straightening wire, as contrasted to a design utilizing an 
external straightening sleeve, also allows the existence 
of deeper drainage channels for a given outer diameter 
of the drain itself. While the bladder retention segment 
is depicted as a spiral or curl at the distal end of the body 
member 12 comprising the drain, it can be appreciated 
that an inflatable balloon adhered to the exterior of the 
tubular body 12 and communicating through a port 
bridged by the balloon leading to an inflation lumen may 
be employed to anchor the drain in a fashion similar to 
what is conventionally used with a Foley catheter. Such 
an arrangement is shown in Figure 1a, with the silastic 
balloon identified by numeral 39. 
[0023] With the embodiment of Figure 2 in place, as 
illustrated in Figure 3, there will be a continuous flow of 
urine from the bladder 34 through the channel 20 formed 
in the exterior wall of the drain segment 30 with the chan- 
nel emptying into the lumen of the urine collection tube 
24. For patients having a functioning external urethral 
sphincter 38, the compressional force on the urethra in 
the zone 32 of the drain will close the urethra against 
that segment thereby blocking urine flow. When the pa- 
tient desires to drain his or her bladder, he or she vol- 
untarily relaxes the external urethral sphincter 38, allow- 
ing the contents of the bladder 34 to flow through the 
channel(s) formed in the wall surface of the drainage 
device 30 to again empty into the urine collection tube 
24 leading to a collection bag (not shown). 

h [0024] Figures 4 through 7 are included to show alter- 
native ways of configuring the drainage segments 10 
and 30 illustrated in Figures 1 and 2, respectively. In Fig- 
ure 4, the drainage segment 12 includes two straight 
longitudinal channels 40 and 42, diametrically opposed 
from one another, that extend substantially the entire 
length of the drainage segment. Also visible in Figures 
4 through 7 is the stylet lumen 18. In the embodiment of 
Figure 5, the surface grooves, as at 20, form a spiral, as 
in the embodiments of Figures 1 and 2. This spiral pat- 
tern may conveniently be formed during the fabrication 
process by twisting the segment 1 2 during the extrusion 
process prior to cooling. By controlling the amount of 
twisting, the pitch of the channels can be controlled. 
[0025] While linear channels of the type shown in Fig- 
ure 4 may be provided in the drainage segment, a spiral 
channel configuration is preferred in that the lateral pro- 
jections on the outer surface of the drain will interact with 
the urethral wall in such a fashion as to retard movement 
of the drain along the axial length of the urethra, thus 
minimizing undesired migration thereof. The side walls 
of the channels are preferably undercut or dished, as at 
44 (Figure 6), to thereby prevent irritation of the urethra, 
and to inhibit invagination of the urethral wall tissue into 



the channels. 

[0026] Figures 6 and 7, respectively, show cross-sec- 
tional views of the drain in which four and three chan- 
nels, respectively, extend the length thereof. 

5 [0027] Referring to the cross-sectional view of Figure 
8, another way of forming a smooth segment along the 
length of the drainage member 12 for cooperating with 
the external urinary sphincter of a given patient is to pro- 
vide a short length of tubing, as at 45, having an internal 

10 lumen whose side walls are complimentary in shape to 
the exterior surface of the grooved drainage member 12. 
Thus, the smooth portion of the tube 45 can be longitu- 
dinally adjusted to a location along the drain body where 
the urinary sphincter is located for that patient. Also, the 

15 outside diameter of the removable and replaceable 
smooth tubular segment 45 can be selected to accom- 
modate the particular contractibility of the urinary 
sphincter of the patient to provide increased continence 
and will usually be in the range of from 0.3 cm to 1 .0 cm. 

20 [0028] It is further contemplated that the smooth tu- 
bular member 45 on the female urethral drain can com- 
prise an inflatable sleeve surrounding the drain member 
12 (Fig. 1). This is deemed to be beneficial in cases of 
female stress incontinence in that the sleeve can be in- 

25 fiated after placement to a degree effective to preclude 
leakage between the expandable sleeve and the neck 
of the bladder and to compensate for sphincter deficien- 
cy. 

[0029] Referring now to Figure 9, there is shown an 

30 enlarged fragmentary, partially sectioned view of the 
bladder drain showing the manner in which the fluid col- 
lection tube 24 is joined to the proximal end of the 
grooved drainage member 12. The proximal end 14 of 
the drainage member 12 is provided with a narrowed 

35 neck 46 which is followed by an expanded end portion 
48. The fluid collection tube 26 has a complimentary pro- 
file 50 adapted to snap over the end portion 48 to occupy 
the narrowed neck 46. Urine passing along the channels 
20 between the internal wall of the urethra and the drain 

40 is channeled into the lumen of the collection tube 26 to 
flow out its proximal end 28, either continuously when 
the embodiment of Figure 1 is employed or in a control- 
led manner when the embodiment of Figures 2 or 8 is 
utilized. Detachment of the flexible plastic collection 

45 tube 26 may be accomplished by pulling on the tube 26 
in the proximal direction while simultaneously employ- 
ing a stabilizing push rod 52 to hold the drainage seg- 
ment 12 in place. After detachment of the collection tube 
26, the drain device is entirely contained within the ure- 

50 thral tract. 

[0030] Figure 9(a) is an enlarged, exploded, partial 
sectional view of a drain member 12 having straight 
(non-spiral) grooves such as is illustrated in Figure 7 of 
the drawings and illustrating an alternative arrangement 

55 for connecting the drain body to an associated collection 
tube. The drain body 12 is molded or extruded so as to 
have a plurality of straight parallel grooves as best seen 
in Figure 7. Surrounding the proximal end portion of the 
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drain 12 is a ring member 53 which is secured to the 
exterior of the lobes of the drain body separated from 
one another by adjacent grooves. To better concentrate 
and direct the urine stream, the central portion of the 
drain body is cored out, leaving only the lobes depend- 
ing in a zone of a predetermined length distal of the ring 
53. The collection tube 24 includes an internal annular 
groove 55 into which the ring 53 on the drain body is 
adapted to be inserted. As such, the portion of the lobes 
on the drain body that are free from the central or core 
portion thereof fall within the lumen 57 of the collection 
tube and thereby directing the urine stream flowing 
down the longitudinal grooves in the drain body to flow 
into the lumen 57 of the collection tube. 
[0031] To enhance the ability of the urine to find its 
way into the central lumen of the collection tube, it may 
be expedient to include a pattern of holes as at 59 
through the wall of the collection tube where the size of 
the holes 59 are made slightly larger toward the distal 
end of the collection tube 24 and of a smaller size as at 
61 at locations more proximal than the larger holes 51. 
[0032] As those skilled in the art will appreciate from 
the foregoing description of the embodiment of Figure 
9, the same technique for detaching the plastic collec- 
tion tube 26 from the drainage device 12 can be utilized 
with the embodiment of Figure 9(a). 
[0033] To assist in preventing migration of the drain 
devices having linear channels as in Figures 4 through 
7, a series of longitudinally spaced rings as at 54 in Fig- 
ure 10 may be placed about the drain body 12 at prede- 
termined intervals. The rings are preferably relatively flat 
and are appropriately bonded to the drain body 12. It is 
found that the tissue of the inner wall of the urethra in- 
vaginates the channels 40, 42 on opposite sides of the 
rings 54, inhibiting longitudinal displacement of the drain 
assembly. With no limitation intended, the rings 54 may 
be approximately 2 mm wide and 1 mm thick. Further, 
they may be placed approximately 1 cm apart from one 
another along the length of the drain body 12 on one or 
both sides of any smooth segment of reduced diameter 
as at 32 in Figure 2 that is intended to cooperate with 
the urinary sphincter. By providing rings 54 along the 
length of the drain device, it is no longer necessary to 
include a central stylet receiving lumen 18. The stylet, 
instead, can be routed up one of the surface channels 
40 and 42 and will be constrained by the rings. 
[0034] Figure 11 shows an alternative anchoring ar- 
rangement to that shown in Figure 10. Instead of incor- 
porating spaced-apart rings extending about the drain 
body, small, laterally projecting tines 56 that are located 
proximate the junction between the drain body 12 and 
the collection tube 24'. The tines 56 are intended to en- 
gage the interior wall of the urethra to prevent migration 
of the drain assembly in the distal direction toward the 
urinary bladder. When it is desired to remove the drain, 
a force applied to the strand 25 (Figure 1 ) will cause the 
tines 56 to deflect or collapse into alignment with the 
wall of the tubular body 12 and offer practically no drag 



or resistance against movement in the proximal direc- 
tion. While the tines 56 are shown as being formed by 
cutting or slicing into the elastomeric material compris- 
ing the drain body 12, such tines can alternatively be 

5 provided on the collection tube 24'. Furthermore, rather 
than providing tines as at 56 in Figure 11, the retention 
means can take the form of a bulbous protrusion (not 
shown) formed on the lobes of the drain body 12. 
[0035] Figures 12 through 14 show the configuration 

10 ' of an alternative device insertable into the female ure- 
thra for addressing stress incontinence. It is seen to 
comprise an elongated, flexible, plastic rod which, in the 
instant embodiments, is free from surface channels 
throughout its length. Preformed at its upper end is a 

15 retention segment 60 which is intended for placement 
within the urinary bladder. Such placement is enhanced 
by inserting a suitable stylet through an aperture 62 for 
temporarily straightening the curl of the retention seg- 
ment 60 and allowing its insertion into the urethral open- 

20 ing. When the device 58 has been advanced sufficiently 
far up the urethra such that the segment of the device 
forming the retention member 60 resides in the urinary 
bladder, upon removal of the stylet, the memory prop- 
erty of the plastic material comprising the device 58 al- 

25 lows the retention member to reform into a flat spiral 
shape as illustrated. 

[0036] To prevent the upward migration of the device 
as it is being worn, it is also provided with a proximal 
retention segment 64 which, in Figure 1 2, also compris- 

30 es a flat ring-like segment that lies in a plane that is at 
a predetermined angle to the body portion 66 and that 
is dimensioned to abut the vestibule and underlie the 
labia minora. As such, the device may remain within the 
patient while still allowing normal sexual activity to take 

35 place. 

[0037] Instead of forming the proximal end portion of 
the drain member 66 into a flat spiral such as is shown 
at 60 in Figure 12, to create a retention member, it is 
also contemplated that a separate closed ring as at 64 

40 positioned about the drain body and secured to it by con- 
necting spokes made from a suitable soft plastic be 
used. This is the configuration illustrated in Figure 12. 
[0038] It has been found expedient to preform the de- 
vice 58 so that the elongated straight segment 66 ex- 

45 tends downward below the lower retention member 64 
as indicated by numeral 68 in Figure 12. Urine flow tends 
to follow the straight portion 66 due to surface tension 
effects and provides a proper urine stream leaving the 
urethra. 

50 [0039] The embodiment of Figure 1 3 is like that of Fig- 
ure 12 except that the proximal retention ring 64 of Fig- 
ure 1 2 is replaced by a highly flexible oval-shaped sheet 
of plastic 70 that is permeable to the flow of air, due to 
the fenestrated nature of the plastic material shown as 

55 a having a pattern of closely spaced openings, as at 72, 
extending through the thickness dimension thereof. 
Again, the air pervious retention member disk 70 is sized 
and shaped to conform to the area of the body closely 
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surrounding the urethral opening in the vestibule. The 
proximal end of the body member 66 extends below the 
retention member 70 and is supported by webs, as at 
73, extending across a larger circular opening formed 
in the sheet 70 which permits urine to flow in a stream 
as it exits the device. 

[0040] In the embodiment of Figure 13, measures are 
taken to decrease the weight of the retention member 
60. Here, the curl portion only is made tubular and is 
fenestrated by a plurality of openings 61 extending 
through the wall of the curl to the lumen thereof. This 
minimizes trauma to the bladder. 
[0041] Referring next to Figure 14, the incontinence 
control device 58 may include an appropriately sized 
cuff member 74 placed on and affixed to the straight 
shaft portion 66 of the device of Figures 12 and 13 at a 
location that will conform to the shape of the urethra 
proximate the woman's urinary sphincter. A urologist, fit- 
ting the woman with the device, will determine the ap- 
propriate size and shape of the cuff member 74 that will 
cooperate with the sphincter muscle to provide an effec- 
tive seal when the sphincter is contracted. The cuff 74 
may include a longitudinal bore sized so that the plastic 
rod 66 comprising the device and its retention member 
60 can pass through that bore. Alternatively, the cuff 
member 74 may be provided with a fine slit extending 
through a side wall surface thereof to a central bore, al- 
lowing it to be assembled onto the device 58 by first 
spreading the cuff member and fitting it over the straight 
segment 66. Releasing the cuff member allows it to 
close about the shaft 66. 

[0042] Figures 15a, b and c illustrate alternative 
shapes for the cuff member 74 from which the urologist 
may. choose in deciding which provides the best seal 
with the urethra when the urinary sphincter is contract- 
ed. The cuff of Figure 1 5a is generally cylindrical but has 
conically tapered opposed ends to facilitate its being in- 
serted and removed from the urethra along with the de- 
vice 58. Figure 15b is somewhat bone-shaped where 
the sphincter cooperates primarily with the narrowed 
zone between the two larger opposed end portions. The 
cuff of Figure 1 5c has multiple annular narrowed regions 
which can assist deficient sphincter muscles to better 
coapt the urethral wall to the cuff during a sudden in- 
crease in bladder pressure occasioned by laughter, 
coughing or sneezing. 

[0043] In any of the disclosed embodiments, it may 
prove efficacious to coat the drain member with hydro- 
gel to render it more soft and lubricious to aid in insertion 
thereof. The coating may also incorporate a slow-re- 
lease drug therein to combat urinary infection or to pro- 
vide treatment to urinary organs. 
[0044] This invention has been described herein in 
considerable detail in order to comply with the Patent 
Statutes and to provide those skilled in the art with the 
information needed to apply the novel principles and to 
construct and use such specialized components as are 
required. However, it is to be understood that the inven- 



tion can be carried out by specifically different equip- 
ment and devices, and that various modifications, both 
as to the equipment details and operating procedures, 
can be accomplished without departing from the scope 
5 of the invention itself. 



Claims 

10 1 . A flexible, self-cleaning urethral drain for draining of 
urine and fluid from the bladder through the urethra 
of a patient comprising: 

(a) a flexible, elongated drain body having a 
15 distal end and a proximal end with an outer di- 
ameter allowing passage through the urethra; 

(b) bladder retention means located adjacent to 
the distal end of the drain body for retaining the 
drain body in place in the urethra; 

20 (c) the drain body having an exterior surface 

with an open fluid drainage channel on said ex- 
terior surface cooperating with the wall of the 
urethra for draining urine between the exterior 
surface of the drain body and the urethral wall; 

25 and 

(d) means on the drain body for inhibiting lon- 
gitudinal migration of said drain body relative to 
the urethral wall. 

30 2. A flexible, self-cleaning urethral drain as in Claim 1 
wherein the drain body includes an integrally 
formed longitudinal segment of a uniform diameter 
which is less than the outer diameter of the drain 
body and located along the drain body to cooperate 

35 with the external urethral sphincter in the patient for 
providing continence when the sphincter is normally 
contracted, and allowing passage of urine along the 
at least one channel when the sphincter is relaxed. 

40 3. A flexible, self-cleaning urethral drain as in Claim 1 
and further including a positionable sleeve member 
having a smooth exterior surface void of grooves 
and an interior surface conforming to the exterior 
surface of the drain body, including the at least one 

45 open fluid drainage channel. 

4. The flexible, self-cleaning urethral drain as in Claim 
1 wherein the inhibiting means comprises a plurality 
of longitudinally spaced ring members disposed on 

50 the drain body and overlaying the open fluid drain- 
age channel. 

5. The flexible, self-cleaning urethral drain as in Claim 
1 wherein the inhibiting means comprises a plurality 

55 of integrally formed tines extending laterally of the 
exterior surface. 

6. The flexible, self-cleaning urethral drain as in Claim 
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1 and further including a positionable sleeve mem- 
ber having a smooth exterior surface void of 
grooves and an interior surface conforming to the 
exterior surface of the drain body. 

7. The flexible, self-cleaning urethral drain as in Claim 

2 wherein the length of the longitudinal segment is 
between approximately 0.5 cm to 5.0 cm. 

8. The flexible, self-cleaning urethral drain as in Claim 
4 wherein the positionable sleeve member has a 
length between approximately 0.5 cm and 5.0 cm. 

9. The flexible, self-cleaning urethral drain as in Claim 

2 wherein the outer diameter of the longitudinal seg- 
ment is between approximately 0.1 to 1.0 cm. 

10. The flexible, self-cleaning urethral drain as in Claim 

3 wherein the outer diameter of the positionable 
sleeve is in the range of from 0.3 cm. to 2.0 cm. 

11. The flexible, self-cleaning urethral drain as in Claim 
2 wherein the drain body tapers to the diameter of 
the longitudinal segment at a distal end of the lon- 
gitudinal segment. 

12. A flexible, self-cleaning urethral drain as in Claim 2 
wherein a segment of the drain body proximal to the 
longitudinal segment joins to the longitudinal seg- 
ment to form a squared shoulder. 

13. The flexible, self-cleaning urethral drain as in Claim 

I wherein the bladder retention means comprises 
a curl at the distal end of the flexible drain body. 

14. The flexible, self-cleaning urethral drain as in Claim 

II wherein the means for preventing migration of 
the drain body toward the bladder is affixed to said 
drain body at said proximal end. 

15. The flexible, self-cleaning urethral drain as in Claim 
14 wherein the migration preventing means com- 
prises a ring disposed about the drain body at the 
proximal end and a plurality of flexible spoke mem- 
bers connecting the ring to the drain body. 

16. The flexible, self-cleaning urethral drain in Claim 1 
wherein the bladder retention means comprises a 
curl at the distal end of the drain body and the mi- 
gration preventing means comprise a flexible, elas- 
tomeric sheet of a predetermined shape configura- 
tion disposed proximate the proximal end of the 
drain body and conforming to the vestibule of a fe- 
male patient without overlaying the vaginal opening 
and the clitoris of said female patient. 

17. The flexible, self-cleaning urethral drain as in Claim 
16 wherein said flexible elastomeric sheet is fenes- 



trated to allow passage of air and other fluids there- 
through. 

18. The flexible, self-cleaning urethral drain as in Claim 
5 16 wherein the flexible elastomeric sheet is located 

intermediate the distal end and proximal end of the 
drain body. 

19. The flexible, self-cleaning urethral drain as in Claim 
10 6 wherein said positionable member is generally cy- 
lindrical in shape. 

20. the flexible, self-cleaning drain as in Claim 6 where- 
in said positionable sleeve member is of non-uni- 
ts form cross-section along the length thereof. 

21. The flexible, self-cleaning urethral drain as in Claim 
11 wherein the at least one channel extends along 
at least a portion of said bladder retention means. 

20 

22. The flexible, self-cleaning urethral drain as in Claim 
13 wherein the curl has a flat profile and extends 
generally perpendicular to a longitudinal axis of the 
remainder of the drain body when installed in the 

25 bladder of the patient. 

23. The flexible, self-cleaning urethral drain as in Claim 
1 3 wherein the tubular body includes a stylet receiv- 
ing lumen and the curl is preformed and can be re- 

30 versibly straightened by inserting a stiffening stylet 
in the stylet-receiving lumen. 

24. The flexible, self-cleaning urethral drain as in Claim 
1 wherein the bladder retention means comprises 

35 an inflatable member. 

25. The flexible, self-cleaning urethral drain as in Claim 
1 wherein the drain body comprises a flexible poly- 
mer material selected from the group consisting of 

40 silicone, silastic, polyurethane and polyethylene. 

26. The flexible, self-cleaning urethral drain as in Claim 
25 wherein the polymer material has a durometer 
in the range of from 30 to 95 shore A. 

45 

27. The flexible, self-cleaning urethral drain for draining 
of urine and fluid from the bladder through the ure- 
thra of a patient comprising: 

50 flexible, elongated drain body having a distal 

end and a proximal end with an outer diameter 
allowing passage through the urethra, said 
drain body including a curled segment proxi- 
mate said distal end for retaining the drain body 

55 in place in the urethra, the drain body having 

an exterior surface adapted to cooperate with 
the wall of the urethra for draining urine and oth- 
er fluids between the drain body and the ure- 
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thral wall. 

28. The flexible, self-cleaning urethral drain as in Claim 
27 wherein the curled segment comprises a tube 
having a wall defining a lumen and a plurality of 
openings formed through the wall and communicat- 
ing with the lumen. 

29. A flexible, self-cleaning urethral drain for draining of 
urine and fluid from the bladder through the urethra 
of a patient comprising: 

(a) a flexible, elongated drain body having a 
distal end and a proximal end and a generally 
solid core, the drain body having an outer di- 
ameter allowing passage through the urethra; 

(b) bladder retention means located adjacent to 
the distal end of the drain body for retaining the 
drain body in place in the urethra; and 

(c) the drain body having at least one open fluid 
drainage channel on an exterior surface thereof 
of a depth sufficient for draining urine between 
the exterior surface of the drain body and the 
urethral wall. 

30. The flexible, self-cleaning urethral drain as in Claim 
29 and further including a tubular collection seg- 
ment affixed to the proximal end of the drain body, 
the tubular collection segment having an internal lu- 
men in fluid communication with the at least one 
channel for receiving urine from the at least one 
channel of the drain body, the collection segment 
terminating at a proximal end external to the ure- 
thra. 

31. A flexible, self-cleaning urethral drain as in Claim 
29 wherein the drain body includes an integrally 
formed longitudinal segment of a uniform diameter 
which is less than the outer diameter of the drain 
body and located along the drain body to cooperate 
with the external urethral sphincter in the patient for 
providing continence when the sphincter is normally 
contracted, and allowing passage of urine along the 
at least one channel when the sphincter is relaxed. 

32. A flexible, self-cleaning urethral drain as in Claim 
29 and further including a positionable sleeve mem- 
ber having a smooth exterior surface void of 
grooves and an interior surface conforming to the 
exterior surface of the drain body, including the at 
least one open fluid drainage channel. 

33. The flexible, self-cleaning urethral drain as in Claim 

31 wherein the length of the longitudinal segment 
is between approximately 0.5 cm to 3.5 cm. 

34. The flexible, self-cleaning urethral drain as in Claim 

32 wherein the positionable sleeve member has a 



length between approximately 0.5 cm and 3.5 cm. 

35. The flexible, self-cleaning urethral drain as in Claim 

31 wherein the outer diameter of the longitudinal 
5 segment is between approximately 0.1 to 1.0 cm. 

36. The flexible, self-cleaning urethral drain as in Claim 

32 wherein the outer diameter of the positionable 
sleeve is in the range of from 0.3 cm. to 1 .0 cm. 

10 

37. The flexible, self-cleaning urethral drain as in Claim 
31 wherein the drain body tapers to the diameter of 
the longitudinal segment at a distal end of the lon- 
gitudinal segment. 

15 

38. A flexible, self-cleaning urethral drain as in Claim 
31 wherein a segment of the drain body proximal to 
the longitudinal segment joins to the longitudinal 
segment to form a squared shoulder. 

20 

39. The flexible, self-cleaning urethral drain as in Claim 
20 wherein the bladder retention means comprises 
a curl at the distal end of the flexible drain body. 

25 40. The flexible, self-cleaning urethral drain as in claim 
39 wherein the at least one channel extends along 
at least a portion of said curl. 

41. The flexible, self-cleaning urethral drain as in Claim 
30 39 wherein the curl has a flat profile and extends 

perpendicular to a longitudinal axis of the remainder 
of the drain body. 

42. The flexible, self-cleaning urethral drain as in Claim 
35 39 wherein the tubular body includes a stylet receiv- 
ing lumen and the curl is preformed and can be re- 
versibly straightened by inserting a stiffening stylet 
in the stylet-receiving lumen. 

40 43. The flexible, self-cleaning urethral drain as in Claim 
29 wherein the bladder retention means comprises 
an inflatable member. 

44. The flexible, self-cleaning urethral drain as in Claim 
45 29 wherein the drain body comprises a flexible pol- 
ymer material selected from the group including sil- 
icone, silastic, polyurethane and polyethylene. 

45. The flexible, self-cleaning urethral drain as in Claim 
50 44 wherein the polymer material has a durometer 

in the range of from 30 to 95 shore A. 

46. A method for treating urinary incontinence prob- 
lems, comprising the steps of: 

55 

(a) inserting an elongated, flexible drain mem- 
ber having a proximal end and a distal end 
through the urethra of a patient such that the 
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distal end extends beyond the patients urinary 
sphincter into the bladder, the drain member 
having at least one open fluid drainage channel 
formed in an exterior surface thereof through 
which urine can flow; and 
(b) affixing a urine collection tube to the proxi- 
mal end of the drain member. 

47. A method for treating urinary incontinence prob- 
lems comprising the step of: 

(a) inserting an elongated, flexible drain mem- 
ber having a proximal end and a distal end 
through the urethra of a patient such that the 
distal end extends beyond the patient's urinary 
sphincter into the bladder, the drain member 
having at least one open, fluid drainage chan- 
nel formed in an exterior surface thereof 
through which urine can flow and a longitudinal 
segment having a smooth exterior surface of a 
predetermined diameter and void of said at 
least one channel located such that when the 
distal end if disposed in the bladder, the seg- 
ment is in lateral alignment with the urinary 
sphincter. 

48. The method as in Claim 47 and further including the 
step of: 

(a) affixing a urine collection tube to the proxi- 30 
mal end of the drain member. 

49. A method for controlling urine flow in a patient, com- 
prising the steps of: 

(a) inserting an elongated, flexible drain mem- 
ber having a proximal end and a distal end 
through the urethra of a patient such that the 
distal end extends beyond the patient's urinary 
sphincter into the bladder and with the proximal 
end extending outward through the urethral 
opening. 

50. The method as in Claim 49 and further including the 
step of affixing a cuff member of a predetermined . 45 
outer dimensional onto the drain member at a loca- 
tion surrounded by the urinary sphincter. 
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FIG. 9 (a) 
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VESSEL OCCLUSIVE PROSTHESIS 

Background of the Invention 

5 

The present invention relates to an apparatus and 
method for occluding fluid conveying vessels in the body. 
In particular, the invention relates to an apparatus and 
method for occluding the urethra so as to restore urinary 
10 continence to patients with urinary control problems. 

Urinary incontinence is a frequent and distressing 
sequel to various neurological diseases, surgical 
procedures, spinal cord injury, etc. Various urethral 
occlusive apparatus have been developed in an effort to 
15 restore urinary continence to patients with urinary 
control problems. 

In particular, apparatus utilizing hydraulic 
sphincters or cuffs have been used to provide urethral 
occlusion. See for example: 
20 Timm, G.W. , Merrill, D.E. and Bradley, W.E. 

"Intermittent Occlusion System", IEEE Transactions On Bio- 
Medical Engineering, BME-17:352, 1970. 

Timm, G.W., "An Implantable Incontinence Device", J. 
Biomechanics, 4:213-219, 1971. 
25 U.S. Patent No. 3,744,063; issued July 10, 1973. 

U.S. Patent No. 3,863,622; issued February 4, 1975. 

U.S. Patent No. 4,571,749; issued February 25, 1986. 

U.S. Patent No. 4,731,083; issued March 15, 1988. 

U.S. Patent No. 4,784,660; issued November 15, 1988. 
30 One particular problem with hydraulic sphincters or 

cuffs is that they often do not apply uniform pressure on 
the urethra. As the cuff or sphincter is inflated it 
folds or changes its shape, often in a non-uniform manner, 
thereby exerting uneven occlusion force on the urethra. 
35 This can result in urethral erosion or urethra tissue 
being worn away after extensive use. 

Another approach to treating urinary incontinence is 
to surgically adjust the angle between the urethra and the 
bladder. This angle is often referred to as the angle of 
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the urethro vesical junction. Of course a problem with 
this procedure is that the effects of the surgery cannot 
be readily changed and requires trained medical 
professionals to do so. 
5 The present invention offers a substantial 

improvement over existing urethral occlusive apparatus and 
methods . 

Summary of the Invention 

10 

The present invention relates to an occlusive 
apparatus and method for reversibly occluding fluid 
conveying vessels in the body. 

The present invention has numerous applications for 

15 controlling and/or occluding fluid flow in fluid conveying 
vessels in humans and/or animals. Its applications 
include control of fecal incontinence, venous outflow from 
a penus and thus impotence, bile duct flow, male and 
female fertility, blood flow in blood vessels, etc. The 

20 present invention can be used in conjunction with most any 
vessel in the body. In many applications the present 
invention will occlude the vessel as required to stop or 
prohibit fluid flow. In other applications the present 
invention will control the amount of fluid flow through 

25 the vessel. 

One embodiment of the present invention relates to an 
occlusive apparatus and method for reversibly occluding 
the urethra of a patient. 

In a preferred embodiment, the urethral occlusive 

30 apparatus and method includes an elongated member at least 
partially encircling the urethra. Means is connected to 
said elongated member for placing the elongated member 
under tension, whereby occlusive force is applied to the 
urethra to prevent fluid from passing through. 

35 in one embodiment, the elongated member substantial 

surrounds the circumferential extent of the urethra so as 
to form an annulus about the urethra. When the elongated 
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member is placed under tension, the diameter of the 
annulus is reduced thereby exerting a radially inward 
directed force which occludes the urethra. 

In yet another embodiment, the elongated member only 
5 partially surrounds the circumference of the urethra. 
When the elongated member is placed under tension, the 
elongated member exerts, at least in part a lateral 
bending force on the urethra so as to change the angle of 
the urethra thereby occluding the urethra. 

10 In one embodiment of the present invention the 

elongated member is partially enclosed in a flexible 
sheath. The sheath shields the elongated member from the 
urethra. Preferably the sheath is made from a material 
which has little or no folding occur as the elongated 

15 member is tensioned. 

In a preferred embodiment of the invention the sheath 
is made of expanded polytetrof loraethylene (expanded 
PTFE) . 

In one embodiment, the elongated member is partially, 

20 slidably disposed in a substantially non-compressible 
tube. The sheath is suitably attached proximate at least 
one end of the sheath to the tube. If the elongated 
member forms an annulus about the urethra, the sheath is 
suitable connected at both ends of the sheath to the tube. 

25 Accordingly as the elongated member is tensioned or 
pulled, the length of the sheath contracts thereby 
exerting force on the urethra. 

In one embodiment a pulley and spring assembly is 
used to tension the elongated member. In still one 

30 embodiment, the pulley assembly is manually activated, and 
in yet another embodiment the pulley is motor driven. 

In one embodiment the pulley assembly includes two 
pulleys mounted for pivotal movement about a common axis. 
The two pulleys are interconnected by a coiled spring 

35 which serves as a shock absorber to take up any slack in 
the system and to absorb excessive force or resistance 
encountered during operation thereby resulting in smoother 
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operation of the apparatus. The spring additionally keeps 
the elongated member in tension which thereby creates a 
preset occlusive force around the urethra. 

In yet another embodiment, the present invention 
5 pertains to an electro-mechanical apparatus and method for 
exerting an urethral occlusive force which utilizes an 
abdominal pressure sensor providing input signals 
representative of the extravesical, abdominal pressure to 
an electronic controller which controls the tension of the 

10 elongated member in response to the input signals received 
from the pressure sensor. 

A preferred embodiment of the present invention is 
totally implantable in the body of the patient. 

In yet another embodiment, the implantable apparatus 

15 requires no tubes, wires, or other external control 
mechanisms passing through the skin of the patient. 

An advantage of one embodiment of the present 
invention is that it does not use a hydraulic cuff or 
sphincter mechanism. As a result it is able to apply a 

20 more uniform radial force against the circumference of the 
urethra when occluding the urethra. 

These and various other features and advantages of 
novelty which characterize the invention are pointed out 
with particularity in the claims annexed hereto and 

25 forming a part hereof. However, for a better 

understanding of the invention, its advantages and objects 
obtained by its use, reference should be had to the 
drawings which form a further part hereof, and to the 
accompanying descriptive matter, in which there is 

30 illustrated and described a preferred embodiment of the 
invention. 

Brief Description of the Drawings 

35 in the drawings in which like reference numerals and 

letters generally indicate corresponding parts throughout 
the several views; 
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Figure 1 is a side elevational view in partial cross- 
section illustrating an embodiment of a urethral occlusive 
apparatus in accordance with the principles of the present 
invention; 

5 Figure 2 is a side elevational view of the embodiment 

shown in Figure 1 with the occlusive device activated so 
as to occlude the urethra; 

Figure 3 is an exploded view of the embodiment shown 
in Figures 1 and 2; 
10 Figure 4 is a diagrammatic view of an alternative 

embodiment of the present invention including a drive 
motor; 

Figures 5A,B are diagrammatic views of still another 
embodiment of a urethral occlusive apparatus which has a 
15 distal end of an elongated member anchored to bone on one 
side of the urethra, the elongated member being slidable 
in an outer sleeve member which is attached to bone on the 
other side of the urethra; and 

Figures 6A,B are diagrammatic views showing the 
20 embodiment of Figures 5A,B interacting with the urethra; 

Figure 7 is a diagrammatic view of still another 
embodiment of a urethral occlusive apparatus including a 
controller and pressure sensor for automated operation. 

25 

Detailed Description of Preferred Embodiment (s) 

As noted above, the apparatus and method of the 
p resen t invention might be utilized in conjunction with 

30 any number of different vessels in humans and animals 
which are used to convey fluid. The following are some 
examples of various applications of the present invention; 
however, this list is by no means exhaustive of the 
numerous applications in which the present invention may 

35 be used. The present invention might be used to control 
fecal incontinence or bowl movements, to control venous 
outflow from a penis and thus impotence, to control bile 
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duct flow, to control fluid flow in the vas deferens and 
thus male fertility, to control fluid flow in the 
fallopian tubes and thus control female fertility, to 
control blood flow in blood vessels for vascular studies 
5 or the like, etc. 

The above noted applications are but a few of the 
many applications of the present invention. The 
presention invention will now be described more 
particularly in view of its application for occluding the 

10 urethra and thus controlling incontinence. It will be 
appreciated that the urethra is shown with only a single 
lumen or passageway. However, in many applications such 
as controlling venous outflow from the penis, there are 
multiple lumens which will be occluded by the present 

15 invention. 

A urethral occlusive apparatus method in accordance 
with the present invention in the preferred embodiment is 
designed to be totally implantable. The apparatus has no 
tubes or wires or other electro-mechanical connection 

20 passing through the skin. Additionally, in the preferred 
embodiment no external appliances are required to operate 
the system. However, coupled coils might be used either 
for continuous powering of the device or to recharge 
batteries which are implanted to power the device. 

25 Preferably, the complete device is capable of being 
inserted using existing endoscopic or other minimally 
invasive techniques. 

In the preferred embodiment, the urethral occlusive 
apparatus is made of materials and has a geometric 

30 configuration which is compatible with the body. In one 
embodiment, materials used might include titanium, 
stainless, steel or implantable grade plastics, and the 
apparatus might have a dimension of 1 X 3 X 5 cm. In the 
preferred embodiment, all surfaces in contact with body 

35 fluids and/or tissue meet the required; e.g., class 6 
U.S. P., tests for toxicity and pyrogenicity. In addition, 
the corners and edges are rounded and surfaces are 
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nonabrasive to body structures. The urethral apparatus of 
the preferred embodiment is also lightweight so as to 
minimize any chance for migration. One embodiment might 
weigh 100 grams. 
5 In the preferred embodiment, the operation of the 

urethral apparatus is easily understood and readily 
controlled by the user requiring a minimal amount of 
manual or mental dexterity. Activation and/or 

deactivation shall be accomplished through the intact 

10 skin. The activation/deactivation mechanism of the 
urethral apparatus shall be of a size to be readily 
grasped by the user. In alternative embodiments the 
activation/deactivation device may be electro-magnetically 
controllable or controlled by other wireless means such as 

15 coupled coils or radio frequency (RF) signals. In yet 
other embodiments, a tensioning algorithm shall be 
modifiable from outside the body. 

In the preferred embodiment, the occlusive force 
exerted against the urethra shall be sufficient to prevent 

20 urinary leakage but not so great the urethra viability is 
impaired. Preferably, the pressure shall not exceed 100 
cm H20 for more than 10 minutes when in the activated 
state. Moreover, the urethral apparatus shall not 
interfere with urine flow when in the open or deactivated 

25 state. 

Alternate embodiments of the urethral apparatus shall 
have automatic pressure release capabilities with high 
intravesical pressure. In one preferred embodiment, a 
detrusor muscle contraction (bladder muscle contraction) 

30 producing an intravesical pressure greater than 120 cm H20 
(estimated normal voiding pressure) shall result in 
release of pressure against the urethra upon being sensed 
by an abdominal sensor present in the urethral apparatus. 
Preferably, a nonfunctioning urethral apparatus shall 

35 leave the patient in his/her preimplant incontinent 
condition. The device shall be inert in the presence of 
body tissues, and materials contained within the urethral 
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apparatus shall be of an implantable quality and be 
nonallergenic to the patient. Preferably the mechanism 
will prevent leakage during coughing, straining or other 
sudden increases in abdominal pressure. A preferred 
5 embodiment of the system shall contain a sensor to be 
placed in the abdominal cavity to feed back tensioning 
information to the controller. The sensor senses 
intraabdominal, extravesical pressure that causes 
intravesical pressure (i.e. bladder pressure) to rise 

10 without a detrusor muscle contraction. When this occurs 
in the presence of impaired urinary sphincter 
contractibility, urinary incontinence occurs. The sensor 
could also sense neural impulses related to detrusor 
muscle activity and cause the urethral apparatus to 

15 respond appropriately. 

Preferably materials used in the system shall not 
deteriorate in contact with body fluids and tissue or as 
to provide the urethral apparatus with long-term usage. 
In the preferred embodiment, the maximum activation 

20 pressure obtainable in the system shall be inherent and 
therefore not dependent upon the ability of the user to 
manipulate the device. 

More particularly, there is illustrated in Figures 1- 
3, a preferred embodiment of the present invention, 

25 generally referred to by the referenced numeral 40. The 
urethral apparatus 40 includes a pulley 42 mounted for 
pivotal movement about an axial member 41 defining an axis 
of rotation. A member 44 extends over a guide pulley 43 
and around the pulley 42. The member 44 is connected 

30 proximate a first end 44a to a housing 45 of the urethral 
apparatus 40 by a fastener 46. An opposite end 44b of the 
member 44 is suitably fastened to the pulley 42 in a 
groove formed in the pulley 42. In one embodiment the 
member 44 might be directly attached or attached after 

35 only a partial revolution to the pulley 42 and in still in 
another embodiment the member 44 might be wrapped around 
the pulley 42 one or more complete revolutions. 
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A coiled spring 48 is coaxially mounted about the 
pulley 42. A first end 48a of the coiled spring 48 is 
suitably fastened to the pulley 42 and a second end 48b is 
suitably fastened to a large diameter pulley 50 which is 
5 pivotable about the axis 41. A pin 52 biased axially by 
a coil spring 53 is alignable with a pin 54 upon rotation 
of the pulley 42 a predetermined distance in a clockwise 
direction. The pin 54 is slideably mounted in a housing 
portion 45a and has a push button 55 attached at the end 

10 of the pin 54. In the embodiment shown, the housing 
portion 45a is suitably mounted to the rest of the housing 
by fasteners 47. When the pin 52 is aligned with the pin 
54, the pin 52 axially biases the pin 54 and projects into 
a bore of the housing 45a where the pin 54 is slideably 

15 disposed. The push button 55 can be used to force the pin 
54 axially back toward the pin 52 such that the pin 52 is 
forced out of the bore of the housing 45a, whereby the 
pulley 42 is caused to rotate counter clockwise due to the 
tension in the spring 48. 

20 A flexible elongated member such as a cable 58 is 

disposed in a hollow, axially non- compressible conduit 60 
so as to be slidable therein. The cable 58 is preferably 
substantially non- elastic along its longitudinal axis so 
that exerting a force and causing movement of a first 

25 proximal end of the cable 58 will cause a corresponding 
movement of the cable 58 at a second distal end. A distal 
end portion of the cable 58 extends from an open end 61 of 
the conduit 60 and is looped back and suitably attached to 
the end of 61 of the conduit 60 so as to form an annulus 

30 62 which can be positioned to surround a urethra 64. The 
distal end portion of the cable 58 is slidably enclosed 
within a sheath 63 which is suitably attached at its ends 
to the end 61 of the conduit 60. The sheath 63 shields 
the urethra from the cable 58 and forces against the 

35 urethra when the cable 58 is tensioned. In a preferred 
embodiment, the sheath 63 is made of expanded PTFE. 
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The conduit 60 is attached to and extends from the 
housing 45 which houses the pulleys 42,50. A proximal end 
of the cable 58 is suitably attached to the pulley 50. In 
the embodiment shown, the proximal end of the cable 58 has 
5 a cylinder member 66 suitably attached. The cylinder 
member 66 is suitably attached in a groove 67 of the 
pulley 50 by a set screw 68. 

While the housing 45 is made of a relatively rigid 
biocompatible material, a top surface of the housing 

10 includes a resilient flexible membrane 70 which is 
inwardly deformable upon the application of a force so as 
to displace the member 44 as generally illustrated in 
Figure 2. It will be appreciated that this force might 
simply be applied by a user manually pressing against 

15 their skin adjacent the flexible membrane 70. 

As illustrated in Figure 2, upon depressing down on 
the membrane 70 the member 44 is displaced so as to cause 
rotation of the pulley 42 which in turn causes rotation of 
the pulley 50 due to the coil spring 48 interconnecting 

20 the pulleys 42, 50. Rotation of the pulley 50 causes 
tensioning of the cable member 58. As shown in Figure 2, 
this results in a subsequent reduction in size of the 
annulus 62 formed by the cable 4 8 and the sheath 63, 
thereby exerting an occlusive force on the urethra 64 so 

25 as to close the urethral passage 65 and prevent any 
leakage . 

In the embodiment shown, when the flexible membrane 
70 is sufficiently depressed, the pulley 42 rotates the 
spring biased pin 52 into axial alignment with the pin 54 

30 whereupon the spring biased pin 52 is received in an axial 
bore of the housing portion 45a where the pin 54 is 
slideably disposed. Accordingly, when this occurs, the 
pulleys 42,50 are locked in the activated state thereby 
maintaining tension on the cable 58 and occluding the 

35 urethra 64. To release the tension on the cable 58, the 
push button 55 is simply pressed from the side of the 
housing 54 such that the pin 54 forces the pin 52 out of 
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the bore of the housing portion 45a whereupon the pulley 
42 is allowed to freely rotate thereby releasing or 
reducing the tension exerted on the cable 58. 
Accordingly, the annulus 62 is enlarged and the urethra 64 
5 is no longer occluded. 

Figure 4 is an alternative embodiment of the present 
invention wherein a motor 100 is provided. The motor 100 
includes a pulley 102 mounted on a drive shaft 104 of the 
motor 100. The pulley 102 is suitably connected to the 

10 pulley 42 for rotating the pulley 42. In the embodiment 
shown, the pulley 102 is connected by an elongated member 
106 which is suitably fastened to the drive pulley 102 and 
the pulley 42. Guide pulleys 108 are shown guiding the 
elongated member 106. It will be appreciated that the 

15 drive motor 100 is powered by a suitable power source 
interconnected by to the drive motor 100 by an electrical 
conduit 110. Varying tensions might be placed on the 
cable member 58 by using the motor 100. Moreover, the 
motor 100 will preferably include a brake mechanism for 

20 retaining the apparatus in an activated state. The drive 
motor might be activated manually or automatically 
activated according to certain predetermined conditions. 

Shown in Figures 5A,B is yet another embodiment of 
the present invention wherein the cable member 58 and 

25 sheath 63 are attached proximate a distal end to a pubic 
bone structure 109 in the body on one side of the urethra 
64. The sheath 63 is connected to the conduit 60 
proximate a proximal end. The conduit 60 is in turn 
attached to the pubic bone structure 109 on the other side 

30 of the urethra 64. Accordingly, in this embodiment it is 
not necessary to form an annulus about the urethra. By 
tensioning or pulling on the cable member 58, the cable 
member 58 and the sheath 63 cooperate with the bone 
structure 109 to occlude the urethra 64. The cable 58 and 

35 sheath 63 combination exerts in part a lateral bending 
force on the urethra which bends or kinks the urethra 
thereby causing occlusion to occur. This is best shown in 
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Figures 6A,B where the urethra 64 and bladder 71 are 
illustrated. In Figure 6 A the urethral device is shown in 
a relaxed or deactivated state, and in Figure 6B, the 
urethral device is shown in an activated or occlusive 
5 state. 

Shown in Figure 7 is yet another embodiment of the 
present invention which includes a controller 120 
electrically connected to an abdominal pressure sensor 122 
and a power source 124. The controller 120 is implanted 

10 in the body and suitably connected to the motor 100 of the 
urethral apparatus 40 by the connection 110 for providing 
current to the motor 100. The pressure sensor 122 is 
placed in the prevesical space next to the urinary bladder 
to sense intraabdominal pressure and send signals 

15 representative of the pressure so sensed. Upon detection 
of a predetermined pressure by the pressure sensor 122, 
the urethral apparatus 40 is activated by the controller 
120 according to a predetermined algorithm or 
preprogrammed logic. The algorithm provides for the 

20 tension in the cable to be relaxed when intraabdominal 
pressure is less than resting bladder pressure of 
approximately 20cm H20. When intraabdominal pressure 
exceeds 20cm H20, tension is applied proportionately until 
the maximum occlusive pressure at 100cm H20 is obtained. 

25 Cable tension is again released as the intraabdominal 
pressure drops. Accordingly, the cable is in a relaxed 
state most of the time, thereby further reducing the risk 
of urethral erosion. 

The power source 124 might include batteries or 

30 externally supplied power. The controller 120 might 
include interface capability for interconnection to 
various peripherals including an adapter/charger which 
might be plugged into an AC outlet by a suitable power 
cord. The interconnection might be accomplished by 

35 coupled transformer coils or other suitable methods. This 
interconnection might also provide for external resetting 
and/or modification of the predetermined algorithm. Use 
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of interconnection methods such as coupled transformer 
coils will allow the interface to be accomplished 
preferably without the use of wires or other physical 
connectors extending through the skin. It will be 
5 appreciated that this embodiment will preferably include 
program logic which can be readily programmed for 
different parameter settings, functions, etc. both before 
implantation of the urethral apparatus 40 or after 
implantation. 

10 Having read the foregoing description, it is to be 

understood, that even though numerous characteristics and 
advantages of various embodiments in accordance with the 
principles of the invention have been set forth in the 
foregoing description, together with details of the 

15 structure and function of the invention, the disclosure is 
illustrative only, and changes may be made in detail, 
especially matters of shape, size and arrangement of the 
parts within the principles of the invention to the full 
extent indicated by the broad general meaning of the term 

20 in which the appended claims are expressed. 
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WHAT IS CLAIMED IS: 

1. An occlusive apparatus for reversibly occluding 
a fluid conveying vessel in the body, comprising: 

5 an elongated member at least partially 

encircling the vessel; and 

means connected to said elongated member for 
applying tension to the elongated member whereby pressure 
is applied to the vessel to prevent fluid from passing 
10 therethrough. 

2. A method for controlling fluid flow in a fluid 
conveying body vessel, comprising the steps of: 

encircling at least a portion of the urethra 
with an elongated member; and 
15 applying tension to the elongated member so as 

to occlude the urethra. 

3. A method in accordance with claim 2 for 
controlling fecal incontinence. 

4. A method in accordance with claim 2 for 
20 controlling venous outflow from a penis. 

5. A method in accordance with claim 2 for 
controlling bile duct fluid flow. 

6. A method in accordance with claim 2 for 
controlling fluid flow in the vas deferens thereby 

25 providing male fertility control. 

7. A method in accordance with claim 2 for 
controlling fluid flow in a fallopian tube thereby 
providing female fertility control. 

8. A method in accordance with claim 2 for 
30 controlling fluid control in blood vessels. 

9. A urethral occlusive apparatus for reversibly 
occluding the urethra of a patient, comprising: 

an elongated member at least partially 
encircling the urethra; and 
35 means connected to said elongated member for 

applying tension to the elongated member whereby pressure 



WO 96/01597 



PCT/US95/07777 



15 

is applied to the urethra to prevent fluid from passing 
therethrough . 

10- The urethral occlusive apparatus of claim 9, 
further including a sensor for determining intraabdominal 
5 pressure and wherein said means for applying tension to 
the cable adjusts the tension on the. cable in response to 
changing intraabdominal pressure. 

11. The urethral occlusive apparatus of claim 9, 
wherein said elongated member forms an annulus about the 

10 urethra. 

12. The urethral occlusive apparatus of claim 9, 
wherein said elongated member is partially enclosed in a 
sheath proximate a distal end portion, whereby said sheath 
forces against . the urethra as the elongated member is 

15 tensioned. 

13. The urethral occlusive apparatus of claim 12, 
wherein one end of the elongated member is connected to 
said means for applying tension, a proximal end portion of 
the elongated member slidably extends through a non- 
20 compressible conduit and the distal end portion of the 

elongated member extends beyond the conduit. 

14. The urethral occlusive apparatus of claim 12, 
wherein said means for applying tension includes a 
constant force spring. 

25 15. The urethral occlusive apparatus of claim 12, 

wherein said means for applying tension includes a torsion 
spring . 

16. . The urethral occlusive apparatus of claim 9, 
wherein said means for applying tension includes means to 

30 activate and deactivate said means for applying tension, 
said means to activate and deactivate being operable from 
outside the body. 

17. The urethral occlusive apparatus of claim 10, 
wherein said means for applying tension adjusts tension 

35 applied to the elongated member to release pressure on the 
urethra if the intravesical pressure exceeds 120 cm of 
water. 
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18. The urethral occlusive apparatus of claim 9, 
further including a biocompatible, sheath slidably 
enclosing a distal end portion of the elongated member. 

19. A urethral occlusive apparatus for reversibly 
5 occluding the urethra of a patient, comprising 

an elongated member encircling the urethra so as to 
form an annulus about the urethra; 

tension means connected to said elongated member for 
applying tension to the elongated member so as to vary the 
10 diameter of the annulus; and 

actuating means connected to the tension means for 
activating and deactivating the urethral occlusive 
apparatus . 

20. An apparatus in accordance with claim 19/ 
15 wherein the actuating means is manually operable. 

21. An apparatus in accordance with claim 19, 
wherein the actuating means is automatically operable. 

22. An apparatus in accordance with claim 19, 
wherein urethral occlusive apparatus is configured and 

20 arranged for implantation in a human. 

23. A method for controlling incontinence, 
comprising the steps of; 

encircling at least a portion of the urethra 
with an elongated member; and 
25 applying tension to the elongated member so as 

to occlude the urethra. 

24. The method of claim 23 further comprising the 
step of sensing the intraabdominal pressure and adjusting 
the tension of the elongated member based on the pressure 

30 sensed. 

25. An apparatus comprising: 

a cable at least partially encircling the 

urethra; 

abdominal pressure sensor sensing abdominal 

35 pr e s sure ; and 

electro-mechanical tension controller 
controlling the tension applied to the cable in response 
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to the abdominal pressure sensed by the abdominal pressure 
sensor. 
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(57) Abstract 

This invention is a novel urethral plug (1) comprising a cooperating shaft (12) and balloon (18). lying in c °^"*^^ 
balloon (18) possesses a contracted shape for insertion and removal through the opening of the urethra and a larger, expanded shape for 
blocking the flow of urine in the urethra, bladder neck, and bladder. After insertion such an expanded shape is achieved by mAation of the 
balloon (18) through the use of an external source such as a syringe which introduces fluid through an opening ; ^d into uhe shaft Tte fluid 
acts upon a ball valve (22). thus pushing the ball past a valve seat, thereby permitting fluid to travel through die shaft and into the balloon 
(18). Fluid transmission continues until the balloon (18) is expanded to such an extent as to block the flow of urine. 
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FLUIDLY EXPANDABLE URETHRAL PLUG ASSEMBLY 
WHICH RECEIVES FLUID FROM AN EXTERNAL SOURCE 
AND METHOD FOR CONTROLLING URINARY INCONTINENCE 

Cross Reference To Related Applications 

This application is a continuation-in-part of United States 
application number 08/124,264 filed September 20, 1993 and 
08/103,812 filed August 6, 1993. United States application 
number 08/103,812 is a continuation application of United States 
application number 07/746,364 filed August 16, 1991 (now 
abandoned) , which is a continuation-in-part application of United 
States application number 07/636,285 filed December 31, 1990 (now 
United States Patent No. 5,090,424), the teachings of the 
foregoing applications and patent being incorporated herein by 
reference . 

DEFINITIONS 

Various trademarks appear throughout the specification and 
claims to describe some of the chemical ingredients comprising 
the invention. They are identified as follows: 

"KRATON G" is a trademark of Shell Oil Company and 
identifies the product styrene-ethylene/butylene styrene block 

co-polymer blend. 

"C-FLEX" is a trademark of Consolidated Polymer 
Technologies, Inc. and identifies the product styrene- 
ethylene/butylene styrene block co-polymer blend. 

"SARLINK" is a trademark of DSM Thermoplastic Elastomers 
Inc. and identifies a dynamically vulcanized thermoplastic 
elastomer product . 
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"DACRON" is a trademark of B.I. Du Pont De Nemours and Co. 
and identifies the product polyethylene terephthalate . 

"SANTOPRENE" is a trademark of Monsanto Company and 

identifies thermoplastic elastomers, and more particularly, 
styrene block thermoplastic elastomers. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a novel occlusion device 
which is inserted into the urethra to control urinary 
incontinence. 

Description of the Prior Art 

Urinary stress incontinence is defined as the involuntary 
loss of urine when the pressure within the urethra exceeds the 
urethral closure pressure required for maintaining continence. 
While the problem of urinary incontinence occurs in men and 
women, it is an affliction especially common in women of child- 
bearing age and beyond. 

There are in existence several methods used to address the 
problem of incontinence. Bladder neck suspension surgery, 
wherein the neck of the bladder is reduced by suspending the 
bladder, is a common way for surgeons to treat incontinence. 
However, there are numerous risks associated with such surgery, 
notwithstanding the expense. For some patients, bladder neck 
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suspension surgery is not recommended for medical or other 
reasons. For example, in women who previously have undergone 
bladder neck surgery with unsuccessful results, an additional 
surgical procedure may be neither appropriate not beneficial. 
Also, for those with mild incontinence surgery is not always a 
necessary solution. 

Also in existence are a variety of devices for controlling 
urinary incontinence. Many of these devices require surgery for 
implantation, and of these surgically implanted devices, there 
are two distinct types: non-manipulable devices and manipulable 
devices. One such non-manipulable device, described in United 
States Patent No. 4,019,499, is a capsule filled with a variable 
amount of fluid. The capsule is surgically implanted between 
supporting tissue and the urethra to exert an occluding force 
thereon. A similar, non-manipulable capsule implant is 

described in United States Patent No. 3,789,828. However, this 
device has ties extending therefrom to aid in fiber ingrowth, 
thus providing mechanical stability to the capsule. One problem 
associated with this device is the risk of fluid leakage . In ad- 
dition to problems with leakage, severe tissue damage may result 
from the unnatural method in which such devices regulate incon- 
tinence. 

Other surgically implanted devices exist which are manipul- 
able. These devices provide the wearer with the ability to 
selectively control the operation of the device via manually 
operable elements implanted in the tissue surrounding the 
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urethra. United States Patent No. 4,428,365, and United States 
Patent No. 4,846,784 each disclose an indwelling device having 
an inflatable chamber with an attached tubing and an inflation 
bulb. The wearer may manually adjust the pressure exhibited by 
the inflatable member on the urethra, simply by squeezing the 
tissue encasing the bulb. These devices, however, often produce 
thickening and scarring of surrounding tissue, making their 
usefulness questionable. Additional adverse effects associated 
with surgically implanted indwelling devices, whether non- 
manipulable or manipulable in nature, are encrustation, 
irritation, infection, toxic reactions to materials, tissue 
necrosis and, occasionally, surgery to remove the device due to 
device failure or complications. 

There are also known in the art, certain indwelling devices 
that do not require surgical implantation. These devices are in- 
serted by a physician through the urethral orifice and allow the 
wearer to void either past or through the device . An example of 
such a device is disclosed in United States Patent No. 4,850,963 
in which a physician inserts a bolus of ferromagnetic material 
through the urethra and into the bladder. The bolus rests at the 
juncture of the bladder and urethra and is moved for bladder 
evacuation, by the relative positioning of a magnet across the 
body of the wearer. However, the bolus may become lodged in an 
area beyond the reaches of the magnetic force exhibited by the 
magnet, making the device inoperative. Another example of this 
type of indwelling device is the prestressed capsule disclosed 
in United States Patent No. 4,457,299. The capsule is inserted 
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by a physician within the lower interior of the urethra and is 
set at a prestressed pressure slightly above involuntary 
pressure. When the urine pressure exceeds the preset pressure 
of the capsule, the capsule deforms allowing urine to flow around 
the device. This device, however, has no feature to prevent 
migration of the device into the bladder. In United States 
Patent No. 4,553,533 there is shown a prosthetic urethral 
sphincter valve which is placed in the urethra and anchored in 
the bladder. The patient increases his bladder pressure by means 
of a valsalva maneuver, and holds this pressure while the valve 
activates. Urine may then pass through the valve with the valve 
later returning to its closed position. This device is very 
complicated, expensive, difficult to manufacture and 
uncomfortable. Another physician- inserted device is disclosed 
in United States Patent No. 3,797,478. This device has an 
expandable collar which is inflated after insertion, by an 
injection of fluid therein. When it is desired to remove the 
device, the inflated collar must be ruptured or serrated, thus 
expelling the fluid into the wearer's body. This makes it 
dangerous and difficult for the wearer to remove. 
Notwithstanding the cumbrous use of this device, there is a risk 
of infection associated with the long term indwelling time and 
with the release of injection fluid upon removal. Similarly, 
United States Patent No. 3,841,304 discloses a plug which is 
inserted by a physician into the urethra and subsequently 
inflated to block the flow of urine. This device may be left in 
the body for extended periods. After insertion, the device 
merely requires repositioning in the urethra to permit bladder 
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evacuation. Such a device leaves the wearer susceptible to 
infection, as bacteria may be introduced into the urethra during 
repositioning, or during indwelling time. Also, serious 
complications can occur upon removal, when a separate wire must 
be inserted therein. U.S. Patent No. 5,114,398 discloses a flow- 
through plug which is left in the urethra for as long as desired. 
The device comprises a shaft having an inflatable balloon prior 
to its end. The shaft continues through the balloon, the shaft 
having a proximal opening and cooperating channel through which 
urine can pass. The excessive length of the shaft can cause 
irritation and complications such as catheter tip cystitis. The 
channel is closed by a valve until voiding is desired, at which 
point the wearer activates the valve causing it to open. Urine 
that has collected in the bladder then flows through the shaft, 
and out of the body. It is thus clear that the above devices, 
being indwelling, are often cumbersome to the wearer and often 
cause numerous complications such as encrustation, irritation and 
infection. 

Also known in the art are devices capable of being inserted 
by the wearer into the urethra. Such devices are removed for 
voiding, and then reintroduced into the urethra upon completion 
of bladder evacuation. An example of such a device is the 
solid-type urethral plug, described by Nielsen, Kurt K. et al., 
in -The Urethral Plug: A New Treatment Modality for Genuine Uri- 
nary Stress Incontinence in Women" J. Urology, vol. 44, p. 1100 
(1990) . This device consists of one or two solid spheres located 
along a soft shaft, and a thin, soft plate located at the end of 
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the shaft. One sphere is located upstream of the maximum 
urethral closing pressure point, corresponding to the location 
of the sphincter. In the two sphere embodiment, the second 
sphere is located with its midpoint at the bladder neck, and is 
used to assist in reducing urinary flow and pressure transmission 
to the urethra so that the sphincter can operate. When the 
patient wants to evacuate the bladder, the plug is removed, 
evacuation occurs, and a fresh plug is inserted. One problem 
associated with this device is that the patient must have three 
urethral closure pressure profiles performed as well as other 
examinations, before * the device is made for the wearer. 
Additional problems associated with this device include placement 
difficulties, lack of sealing capabilities associated therewith, 
inadequate retention thereby allowing expelling and inadequate 
anchoring by the plate at the meatus. In addition to such 
problems is the discomfort associated with insertion due to the 
size profile and rigidity of the spheres, which maintain a 
constant diameter during insertion and removal. Another "remove- 
to- void" device is disclosed in United States Patent No. 
5,090,424, which comprises a conformable urethral plug. The body 
of the plug forms a cavity which is in fluid communication with 
another cavity via a check-valve. In that device the fluid used 
to inflate the plug is integral with the plug. 

In view of the above discussion concerning problems and 
complications afesbciated with prior art devices, it would be 
desirable to provide an easily manipulable, remove- to-void 
urethral plug having a fluidly expandable balloon inflated by a 
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removably coupled external fluid source. Such a device would 
minimize the discomfort to the wearer while preventing unwanted 
involuntary flow of urine. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a device which con- 
trols the unwanted leakage of urine from the urethra. 

Another object of the invention is to provide a removable 
device which arrests involuntary voiding of urine after insertion 
into the urethra, bladder neck or bladder followed by inflation. 

Another object of the invention is to provide a removable 
urethral plug for preventing unwanted flow of urine which only 
allows voiding after deflation and removal of the plug by the 
wearer . 

An additional object of the invention is to provide a 
urethral plug which is easily manipulated by the wearer. 

A further object of the invention is to provide a urethral 
plug made of a material sufficiently stiff for ease of insertion 
yet sufficiently soft to conform to the urethra during typical 
body movements. 

Another object of the invention is to stabilize the place- 
ment of a urethral plug at the urethral meatus, such that migra- 
tion into the bladder will not occur. 

Another object of the invention is to provide a urethral 
plug capable of anchoring in the urethra, bladder neck or 
bladder, such that expulsion of the plug from the body will not 
likely occur. 
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A further object of the invention is to improve the degree 
of comfort associated with insertion and removal of a urethral 
plug. 

Yet another object of the invention is to provide a urethral 
plug assembly comprising an applicator for ease of insertion. 

Another object of the invention is to provide a method for 
controlling incontinence. 

Still another object of the invention is to provide a method 
of using a urethral plug while minimizing risk of contamination. 

These and other objects of the invention are carried out by 
a novel urethral plug sufficiently rigid for ease of insertion 
into the urethra, yet sufficiently pliable to conform to the size 
and shape of the urethra during typical body movements. This is 
achieved by the structural design and material composition of the 
urethral plug. 

The urethral plug comprises a cooperating shaft and balloon, 
lying in coaxial engagement. The balloon possesses a contracted 
shape for insertion and removal through the opening of the 
urethra, and a larger, expanded shape for blocking the flow of 
urine in the urethra, bladder neck and bladder. The expanded 
shape also serves to maintain the plug shaft's position in the 
urethra. Such an expanded shape is achieved by fluid inflation 
from an external source such as a specially adapted syringe or 
inflator. A fluid is introduced through an aperture and into a 
continuous channel in the shaft, whereby it acts upon a ball 
valve. The force of the fluid pushes the ball past a cooperating 
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valve seat, thus permitting fluid to travel into the balloon 
causing it to expand. Once expanded and the external inflation 
source removed, the balloon retains the fluid therein, as the 
downward force of the fluid on the ball valve causes the ball to 
rest firmly against the valve seat. The unique design of the 
valve chamber in the shaft provides springs which mechanically 
help re-seat the ball valve when the external inflation source 
is removed. 

Upon expansion, the balloon thus functions to seal the plug 
to the urethral, bladder neck and bladder wall. The plug further 
has a meatal plate for preventing migration into the bladder. 
Deflation of the plug for bladder evacuation, is easily 
accomplished by pulling a cord attached to the ball towards the 
proximal end of the plug causing the removal of the ball from the 
valve seat, thus allowing the fluid contained within the balloon 
to be expelled. Removal is then easily and comfortably 

accomplished by grasping a tab attached to the meatal plate, at 
which point the wearer can void. 

In accordance with a further feature of the invention, there 
is provided an applicator specially adapted to be firmly and 
removably connected with the urethral plug to assist the wearer 
in easily locating the urethral opening and inserting the plug 
into the urethra. After insertion and inflation of the urethral 
plug, the applicator is easily detached therefrom. An applicator 
so adapted is advantageous in that it minimizes the risk of 
infection by eliminating human contact during preparation and 
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insertion of the urethral plug into the body. For those 
requiring additional assistance in locating the urethral opening, 
a specially designed mirror is provided which adapts to the 
applicator. 

In accordance with yet another feature of the invention, 
there is provided a method for controlling urinary incontinence 
in humans. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the preferred embodiment of the urethral plug 
in its contracted configuration. 

FIG. 2 shows the preferred embodiment of the urethral plug 
in its inflated configuration. 

FIG. 3 shows the preferred embodiment of the urethral plug 
with the valve in an open position permitting deflation. 

FIG. 4 shows a perspective view of the meatal plate of the 
urethral plug of the preferred embodiment. 

FIG. 5 shows an applicator for use with the urethral plug 

of the invention. 

FIG. 6 shows a urethral plug assembly in a pre -insertion 

state . 

FIG. 7 shows how a user would open the sterile package of 
a urethral plug without touching the plug. 

FIG. 8 shows an exploded view of an applicator with mirror 
for use with the urethral plug of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows the plug 1 of the instant invention in its pre- 
insertion state. The plug 1 of the present invention comprises 
a shaft portion 12 formed of a biocompatible deformable material. 
Suitable materials comprising the shaft portion 12 include but 
are not limited to thermoplastic elastomers and similar materials 
thereto, in particular, KRATON G, C-FLEX, polyurethane (or other 
similar thermoplastic urethanes) , SARLINK, SANTOPRENE, poly-vinyl 
chloride, silicone, latex or other rubbers. For ease of 
insertion, the shaft portion 12 has a tapered tip on its distal 
end and a maximum diameter of less than 5 mm (15 French) . 

The shaft portion 12 has a central opening 13 and defines 
a central channel 14 through which fluid can flow, as is further 
explained. At the proximal end 3 of the shaft portion 12 is a 
meatal plate 16 further described in FIG. 4. Attached at the 
distal end 2 of the shaft portion 12, either by thermal bonding, 
laminating or other means, is a sealing membrane, or balloon 18, 
which in its pre- insertion configuration, is adapted to rest 
against the shaft portion 12. Suitable biocompatible materials 
comprising the balloon 18 include but are not limited to 
thermoplastic elastomers and similar materials thereto, in 
particular, KRATON G, C-FLEX, polyurethane (or other similar 
thermoplastic urethanes) , SARLINK, SANTOPRENE , poly-vinyl 
chloride, silicone, latex or other rubbers. Channel 14 is in 
fluid communication with the interior 20 of the balloon 18. 
Positioned within the channel 14 is a chamber 29, which comprises 
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a ball valve 22 . The ball valve 22 includes ball 24 and a valve 
seat 25. The chamber 29 further provides springs 26, which 
increase the elastomeric tension of the chamber 29. 

Suitable biocompatible materials for ball valve 22 include 
but are not limited to polypropylene, polyestertetraphalate, 
silk, DACRON, nylon and other similar thermoplastic materials. 
The most preferred material is nylon. Connected to the ball 24 
is ball shaft 28 and cooperating cord 30. Materials suitable for 
cord 30 include but are not limited to polypropylene, polyester- 
tetraphalate, silk, DACRON, and other similar thermoplastic 
materials, with the most preferred material being nylon. In 
addition, a lubricant which aids in sealing and removing of the 
plug.l can be applied internally to the valve seat 25. Suitable 
materials comprising the lubricant include but are not limited 
to propylene glycol (PPG) , glycol, glycerin and silicone oil, 
with the most preferred material being polyethylene glycol (PEG) . 
As to be discussed with respect to FIG. 2, a fluid source is 
adapted to be coupled with the plug 1 at the central opening 13 
to transmit fluid past the ball valve 22 in the direction of the 
arrow to cause expansion of the balloon 18 . 

FIG. 2 shows the urethral plug 1 of the instant invention 
in its inflated and blocking state. To achieve this state, the 
wearer inserts the plug 1 into the urethra while it is in its 
pre- insertion configuration as shown in FIG. 1. The force 
required to insert the plug 1 is preferably less than 0.2 kg and, 
more preferably, less than 0.1 kg. Once inserted, fluid is then 
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introduced into the channel 14 of shaft portion 12 by means of 
a conduit coupling 32 positioned at the central opening 13 . The 
conduit coupling 32 can be the nozzle of a syringe, an inflator, 
a hose, or the like. In order for the fluid to enter the channel 
14 of the shaft portion 12, the fluid must pass through a wide 
portion 15 of the channel 14 and displace the ball 24. When 
pressure is exerted through the wide portion 15 of the channel 
14 in the direction shown by the arrows, the force of the fluid 
causes the ball 24 to move towards the distal end 2 of the plug 
1. As the ball 24 moves toward distal end 2, it pushes against 
and temporarily deforms springs 26. Fluid is thereby allowed to 
pass into the narrower portion 17 of the channel 14 and 
ultimately into the balloon 18 . The pressure required to inflate 
the plug 1 is preferably in the range of 1-20 psi, and more 
preferably 1-12 psi. The balloon 18 is inflated to a maximum 
diameter of less than 2.0 inches, preferably on the order of 0.4 
inches to 1.0 inch, thereby sealing the device against the walls 
of the urethra, bladder neck or bladder to prevent incontinence. 

At such time when sufficient fluid has been introduced to 
inflate the balloon 18, the back pressure of fluid in the balloon 
18, together with the force exerted by springs 26, pushes the 
ball 24 towards the proximal end 3 of the plug 1 such that it 
again rests on the valve seat 25 . The flow of fluid back through 
the ball valve 22 through which it entered is thereby prevented. 
At this point, the internal pressure within the balloon may reach 
a maximum of 15 psi, with a preferable range of about 6-13 psi. 
The balloon IB in its inflated state serves to resist internal 
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bladder pressure spikes of up to 3.0 psi (210 cm H.0) . Such 
bladder pressures would tend to expel the plug 1 unwarrantedly, 
for example, during coughing unless the balloon has been 
inflated. 

As shown in FIG. 3, when the wearer wishes to void, voiding 
is accomplished by grasping cord 30 and pulling it in a direction 
away from the proximal end 3 of the plug 1. This will exhibit 
a force on the ball 24 causing deformation of valve seat 25, thus 
allowing the ball 24 to move towards the proximal end 3 of the 
plug 1 and into the widened portion 15 of channel 14. The amount 
of force to be applied to the cord 30, and pull the ball 24 into 
the widened portion 15, is less than 1.5 lb., and preferably less 
than 0.8 lb for optimum comfort. Alternatively, the valve seat 
25 can be deformed directly by pinching the plug 1 just above the 
meatal plate. 

Either deflation means will allow fluid from the balloon 18 
to be expelled through the channel 14, whereupon it exits the 
plug 1 through the central opening 13. Once the fluid in the 
balloon 18 has been expelled, the wearer can grasp the meatal 
plate 16 for removal of the plug. The force required to remove 
the plug 1 after deflation is preferably less than 0.1 kg and, 
more preferably, less than 0.05 kg to assure comfort of the 
wearer while removing the plug 1. Once removed and bladder 
evacuation accomplished, the wearer can insert a new plug. The 
used urethral plug 1 is disposed of through ordinary trash means. 



To maintain sterility and minimize the risk of urinary tract 
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infections, the urethral plug 1 of the invention has been 
designed to prevent re-use of the plug 1 after removal from the 
body, in an exemplary embodiment, this is accomplished when the 
ball 24 is disposed in the widened portion 15 of channel 14 . In 
this way the ball valve 22 becomes inoperable so the urethral 
plug 1 cannot be re-used, i.e., cannot be re-inflated by the 
wearer. It should be recognized that it is within the scope of 
the present invention to use any means known in the art for 
controlling the flow of fluid into and out of the balloon 18, as 
well as means for rendering the valve inoperable to prevent re- 
use of the urethral plug 1. 

FIG. 4 shows a perspective view of the raeatal plate 16. The 
meatal plate 16 is adapted to anchor the urethral plug 1 at the 
meatus urinarius. To carry out this function of anchoring, the 
meatal plate 16 is of a thickness preferably in the range of 
about 1.0 mm to about 3.0 mm, with the most preferred thickness 
being 2.5 mm. This range of thickness of the meatal plate is 
sufficient to withstand bodily compression during wear. The 
meatal plate 16 is preferably greater than 8.0 mm in diameter, 
a diameter generally sufficient to prevent migration into the 
bladder. A portion of the meatal plate 16 is extended to form 
a flexible tab 17 which may be grasped by the wearer to remove 
the plug 1. The meatal tab 17 is of a preferred thickness of 
about 0.5 mm to about 2.0 mm for comfort, and ease of removal. 

The meatal plate 16 has an aperture therein which forms the 
central opening 13 to the shaft portion 12. The meatal plate 16 



WO 96/34587 PCT/US96/05960 

17 

prevents the plug 1 from passing through the opening of the 
urethra ultimately leading into the bladder neck or bladder. 

As shown in FIGS. 5 and 6, an applicator 40 is separately 
provided to assist the wearer in easily locating the urethral 
opening and inserting the urethral plug 1 into the urethra. A 
further advantage of the applicator 40 is to minimize the risk 
of infection by eliminating human contact during preparation of 
the urethral plug assembly 50, as shown in FIG. 6. This is 
accomplished by the sterile packaging of the plug together with 
the practice of the following method. The user takes the 
applicator 40 from its sterile package and fully withdraws the 
plunger 42 to a position as shown in FIG. 6. FIG. 7 shows the 
wearer partially opening a package containing a sterile urethral 
plug 1 so as to expose the meatal plate 16 and chord 30, as 
shown. The partially opened package 52 containing the exposed 
plug 1 now serves as a protective sheath, thereby preventing 
human contact with the sterile plug 1 while attaching the 
applicator 40. Grasping the partially opened package 52, the 
user guides the cord 30 into the opening (not shown) in the 
conduit coupling 32 of the applicator 40 until the tip 49 of 
conduit coupling 32 forms a snap- fit with the central opening 13 
of the meatal plate 16. Holding the urethral plug assembly 50 
with one hand, the wearer positions the urethral plug assembly 
50 at the urethral opening and inserts the plug 1 into the 
urethra until the meatal plate 16 contacts the opening. The 
wearer depresses the plunger 42 until the stop 44 abuts the 
applicator flange 46 of barrel 47. The balloon 18 of plug 1 is 
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now fully inflated, as shown in FIG. 3. The applicator 40 is 
disengaged from the plug 1 by gently tilting in an upward 
direction. 

The conduit coupling tip 49 and the meatal plate central 
opening 13 are removably connected by any of a number of means 
known in the art, including but not limited to snap-fit/de-fit 
type of connections and twisting and locking type of connections, 
that can establish a fluid pressure boundary, while retaining the 
ability to be easily removed without significantly disturbing the 
urethral plug 1 positioned and secured in the urethra. 
Preferably, the conduit coupling tip 4 9 and the meatal plate 
central opening 13 are interconnected by means of a snap-fit/de- 
fit type of connection, where the coupling/decoupling force is 
up to about 8 lbs, and preferably is a force of up to 6 lbs, and 
most preferably, is a force of about 1 lb or less. 

As a further aid in easily and accurately locating the 
urethral opening, a mirror 60 is provided, as shown in FIG. 8, 
which may be affixed to the barrel 47 of the applicator 40. One 
embodiment provides for the attachment of the mirror 60 with a 
clasp 62 . 

While the invention has been particularly shown and 
described with reference to the aforementioned embodiments, it 
will be understood by those skilled in the art that various 
changes in form and detail may be made therein without departing 
from the spirit and scope of the invention. Thus, any modifica- 
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tion of the shape, configuration and composition of the elements 
comprising the invention is within the scope of the present 
invention. For example, the ball valve 22 described above may 
be located at various points along channel 14 of the plug 1 . 
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We hereby claim: 

1. A remove-to-void plug for use in the urethra to control uri- 
nary incontinence, said plug to be inserted into the urethral 

opening, comprising: 

a plug forming body being closed to urine and having a 

proximal end and a distal end, 

a fluid-impermeable balloon affixed to the distal end of 
said plug forming body and fluidly coupled with said channel, 
said balloon having an outer surface free of protrusions, 

. a valve positioned within said channel of said plug forming 

body, 

• a fluid source external to said plug forming body, said 
fluid source being removably coupled to the proximal end of said 
plug forming body, said fluid source transmitting fluid through 
said channel, displacing said valve and inflating said balloon, 
said valve being reversely displaced after inflation to maintain 
said balloon in an inflated state. 

2. The remove-to-void plug according to claim 1, said valve 
comprising a ball and a ball seat, respectively. 

3. The remove -to-void plug according to claim 2, whereby said 
fluid transmitted by said fluid source displaces said ball from 
said ball seat. 
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4. The remove-to-void plug according to claim 2, whereby said 
valve maintains said balloon in an inflated state by a reverse 
pressure of said fluid which forces said ball against said ball 
seat. 

5. The remove -to- void plug according to claim 2, said valve 
further comprising a cord adapted to exert a force on said ball 
to release said ball from its position against said ball seat 
whereby said balloon deflates. 

6. The remove- to-void plug according to claim 5, whereby the 
force to be applied to said cord is less than 1.5 lb. 

7. The remove -to- void plug according to claim 6, whereby the 
force to be applied to said cord is less than 0.8 lb. 

8. The remove -to -void plug according to claim 2, said valve 
further comprising a chamber having a plurality of springs 
protruding in said chamber, said plurality of springs being 
adapted to retain said ball in said chamber. 

9. The remove -to- void plug according to claim 1, said valve 
comprising a biocompatible material selected from the group 
consisting of polyestertetraphalate, polypropylene, silk, 
polyethylene terephthalate, nylon and other similar thermoplastic 
materials. 
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10. The remove-to-void plug according to claim 9 wherein the 
biocompatible material is nylon. 

11. The remove-to-void plug according to claim 5 wherein said 
cord comprises a biocompatible material selected from the group 
consisting of polyestertetraphalate, polypropylene, silk, 
polyethylene terephthalate, nylon and other similar thermoplastic 
materials . 

12. The remove -to- void plug according to claim 11 wherein the 
biocompatible material is nylon. 

13. The remove -to- void plug according to claim 1, said valve 
further including a lubricant, said lubricant selected from the 
group consisting of propylene glycol, glycol, glycerin, silicone 
oil and polyethylene glycol. 

14. The remove -to- void plug according to claim 13 wherein said 
lubricant is polyethylene glycol. 

15. The remove -to- void plug according to claim 1, wherein said 
fluid source comprises an applicator adapted to connect to the 
proximal end of said plug forming body. 



16. The remove-to-void plug according to claim 15, wherein 
applicator comprises a syringe or inflator. 
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17. The remove -to- void plug according to claim 1, said plug 
forming body further comprising a meatal plate adapted to anchor 
said plug at the urethral meatus. 

18. The remove -to- void plug according to claim 17, said meatal 
plate having a thickness in the range of about 1-3 mm. 

19. The remove -to- void plug according to claim 18, said meatal 
plate having a thickness of 2.5 mm. 

20. The remove -to -void plug according to claim 17, said meatal 
plate comprising a tab extending therefrom, whereby said plug may 
be easily removed by a wearer when bladder evacuation is desired. 

21. The remove-to-void plug according to claim 1, wherein said 
plug forming body comprises a thermoplastic elastomer. 

22. The remove -to -void plug according to claim 1, wherein said 
plug forming body comprises a biocompatible material selected 
from the group consisting of polyurethane , silicone, latex, poly- 
vinyl chloride and styrene- ethylene /butylene styrene block co- 
polymer. 

23. The remove -to- void plug according to claim 1, wherein said 
balloon comprises a thermoplastic elastomer. 

24. The remove -to- void plug according to claim 1, wherein said 
balloon comprises a biocompatible material selected from the 
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group consisting of polyurethane , silicone, latex, poly-vinyl 
chloride and styrene-ethylene/butylene styrene block co-polymer. 

25. The remove-to-void plug according to claim 1, wherein said 
plug forming body comprises a shaft portion having a tapered tip 
on the distal end and a maximum diameter of less than 5 mm, said 
remove-to-void plug having a force of insertion of less than 0.2 
kg and a force of expulsion of less than 0.1 kg with said balloon 
in a deflated state. 

26. The remove-to-void plug according to claim 1, said balloon 
further having an inflation pressure in the range of about 1-20 
psi and a diameter of inflation in the range of about 0.4-1 inch. 

27. The remove -to- void plug according to claim 1, wherein said 
external fluid source further comprises a mirror. 

28. The remove -to -void plug according to claim 1, wherein 
said plug forming body and said external fluid source are 
removably coupled with a snap-fit/de-fit type of connection. 

29. The remove -to -void plug according to claim 1, wherein 
said plug forming body and said external fluid source are 
removably 

coupled so the connection is made and broken by applying a force 
of about 8 lbs or less. 
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30. The remove -to- void plug according to claim 29, wherein 
said plug forming body and said external fluid source are 
removably 

coupled so the connection is made and broken by applying a force 
of about 1 lb or less. 

31. The remove -to- void plug according to claim 1, wherein 
said valve includes a means for preventing re -use of the plug by 
the wearer. 

32. A remove -to -void plug for use in the urethra to control uri- 
nary incontinence, said plug to be inserted into the urethral 
opening, comprising : 

a plug forming body closed to urine and having a distal end 
and a proximal end, said plug forming body defining a channel 
therein, 

a fluid- impermeable balloon affixed to the distal end of 
said plug forming body and fluidly coupled with said channel, 
said balloon having an outer surface free of protrusions, 

a valve positioned within said channel of said plug forming 
body, said valve comprising a ball and a ball seat, respectively, 
said ball further comprising a cord affixed thereto, 

a fluid source external to said plug forming body, said 
fluid source being removably coupled to the proximal end of said 
plug forming body, said fluid source transmitting fluid through 
said channel, displacing said ball from said ball seat and 
inflating said balloon, said ball reversely displaced against 
said ball seat after inflation to maintain said balloon in an 
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inflated state, and 

wherein a force applied to said cord releases said ball from 
its position against said ball seat causing deflation of said 
balloon. 

33. The remove- to -void plug according to claim 32, said valve 
further comprising a chamber having a plurality of springs 
protruding in said chamber, said plurality of springs being 
adapted to retain said ball in said chamber. 

34. The remove-to-void plug according to claim 32, wherein said 
fluid source comprises a syringe adapted to connect to the 
proximal end of said plug forming body. 

35. The remove-to-void plug according to claim 32, said plug 
forming body further comprising a meatal plate adapted to anchor 
said plug at the urethral meatus. 

36. The remove-to-void plug according to claim 31, said meatal 
plate having a thickness in the range of about 1-3 mm. 

37. The remove -to -void plug according to claim 36, said meatal 
plate having a thickness of 2.5 mm. 

38. The remove-to-void plug according to claim 35, said meatal 
plate comprising a tab extending therefrom, whereby said plug may 
be easily removed by a wearer when bladder evacuation is desired. 
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39. A urethral plug assembly for prevention of urinary 
incontinence comprising: 

a plug forming body and having a distal end and a proximal 
end, said plug forming body defining a single channel therein, 

a fluid- impermeable balloon affixed to the distal end of 
said plug forming body and fluidly coupled with said channel, 
said balloon having an outer surface free of protrusions, 

a valve positioned within said channel of said plug forming 

body, 

an applicator for positioning said plug in the urethra of 
a wearer, said applicator comprising 

a barrel having a coupling conduit for retaining said 

plug, and 

a plunger disposed in said barrel, said plunger adapted 
to push a fluid through said barrel and into said channel, said 
applicator being removably coupled to the proximal end of said 
plug forming body, said applicator transmitting said fluid 
through said channel and displacing said valve to inflate said 
balloon, said valve being reversely displaced after inflation to 
maintain said balloon in an inflated state. 

40. The urethral plug assembly according to claim 39, said plug 
forming body further comprising a meatal plate adapted to anchor 
said plug at the urethral meatus. 



41. The remove -to -void plug according to claim 40, said meatal 
plate having a thickness in Che range of about 1-3 mm. 
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42. The remove -to- void plug according to claim 42, said meatal 
plate having a thickness of 2.5 mm. 

43. The urethral plug assembly according to claim 40, said 
meatal plate comprising a tab extending therefrom, whereby said 
plug may be easily removed by a wearer when bladder evacuation 
is desired. 

44. The urethral plug assembly according to claim 39, wherein 
said applicator further comprises a mirror. 

45. A method for controlling urinary incontinence comprising the 
following steps: 

a) providing a urethral plug being closed to urine comprising; 
a plug forming body having a balloon affixed to the periphery 
thereof, said balloon being in fluid communication with said 
channel , 

b) inserting said urethral plug into the urethra via the 
urethral opening, 

c) transmitting fluid from an external fluid source through 
said inner channel causing inflation of said balloon, 

d) blocking the flow of urine with said balloon in its inflated 
state, 

e) pulling on a member integral with said urethral plug to 
deflate said balloon when the wearer wishes to void, 

f) removing said plug to void, 

g) repeating steps a) -f ) with a new plug. 
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46. The method for controlling urinary incontinence according 
to claim 45 wherein said providing step further includes 
providing a mirror. 

47. A method for controlling urinary incontinence comprising the 

following steps: 

a) providing a urethral plug comprising; a plug forming body 
having a channel therein, an opening in the proximal end of said 
plug forming body, a balloon affixed to a distal end of said plug 
forming body, said channel fluidly connecting said opening with 
said balloon, and a valve positioned within said channel having 
an integral removal member connected thereto, 

b) placing an external fluid source in fluid communication 

with said opening, 

c) inserting said urethral plug into the urethra via the 

urethral opening, 

d) transmitting fluid from said fluid source through said 
channel causing displacement of said valve to allow fluid to pass 
therethrough, 

e) fluidly inflating said balloon, 

f ) withdrawing said external fluid source from communication 

with said opening, 

g) blocking the flow of urine with said plug until voiding 

of the bladder is desired, 

h) pulling on said integral removal member causing said 
valve to open and said balloon to deflate, 

i) removing said plug, 
j) voiding the bladder, 
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k) repeating steps a)-j) with a new plug. 

48. The method for controlling urinary incontinence according 
to claim 47, wherein said providing step further includes 
providing a mirror removably affixed to said external fluid 
source . 

49. The method for controlling urinary incontinence according 
to claim 47, wherein said steps of placing and withdrawing 
further includes a force of about 8 lbs or less to place and 
withdraw said external fluid source. 

50. The method for controlling urinary incontinence according 
to claim 49, wherein said steps of placing and withdrawing 
further includes a force of about 1 lb or less to place and 
withdraw said external fluid source. 

51. A method for controlling urinary incontinence comprising the 
following steps: 

a) providing a urethral plug assembly comprising; 

a plug forming body having an opening in the proximal 
end of said plug forming body, a balloon affixed to the distal 
end of said plug forming body, said channel fluidly connecting 
said opening with said balloon, said balloon being in fluid 
communication with said channel, 

an applicator for retaining said plug without human 
contact, said applicator adapted to push a fluid into said 
channel, said applicator being removably coupled to the proximal 
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end of said plug forming body, and 

a mirror for attaching to said applicator; 

b) attaching said mirror to said applicator; 

c) positioning said urethral plug assembly at the urethral 
opening , 

d) . inserting said urethral plug into the urethra via the 
urethral opening, 

e) manipulating the applicator whereby said fluid is 
transmitted from said applicator into said channel of said plug, 
causing inflation of said balloon, 

f ) removing said applicator from said opening in the proximal 
end of said plug forming body, 

g) blocking the flow of urine with said balloon in its inflated 
state, 

h) pulling on a member integral with said urethral plug to 
deflate said balloon when the wearer wishes to void, 

i) removing said plug to void. 

52. The method according to claim 51, further comprising the 
step of repeating steps a)-i) with a new plug. 
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DEVICE FOR TRANSURETHRAL THERMAL THERAPY 
BACKGROUND OF THE INVENTION 
The present invention relates to the field of microwave thermal 
therapy of tissue. In particular, the present invention relates to a catheter for 
5 transurethral microwave thermal therapy of benign prostatic hyperplasia (BPH). 

The prostate gland is a complex, chestnut-shaped organ which 
encircles the urethra immediately below the bladder. Nearly one third of the 
prostate tissue anterior to the urethra consists of fibromuscular tissue that is 
anatomically and functionally related to the urethra and bladder. The remaining 
1 0 two thirds of the prostate is generally posterior to the urethra and is comprised 

of glandular tissue. 

This relatively small organ, which is the most frequently diseased 
of all internal organs, is the site of a common affliction among older men: BPH 
(benign prostatic hyperplasia). BPH is a nonmalignant, bilateral nodular 

1 5 expansion of prostrate tissue in the transition zone, a periurethral region of the 
prostate between the fibromuscular tissue and the glandular tissue. The degree 
of nodular expansion within the transition zone tends to be greatest anterior and 
lateral to the urethra, relative to the posterior-most region of the urethra. Left 
untreated, BPH causes obstruction of the urethra which usually results in 

20 increased urinary frequency, urgency, incontinence, nocturia and slow or 
interrupted urinary stream. BPH may also result in more severe complications, 
such as urinary tract infection, acute urinary retention, hydronephrosis and 
uraemia. 

Traditionally, the most frequent treatment for BPH has been 
25 surgery (transurethral resection). Surgery, however, is often not an available 
method of treatment for a variety of reasons. First, due to the advanced age of 
many patients with BPH, other health problems, such as cardiovascular disease, 
can warrant against surgical intervention. Second, potential complications 
associated with transurethral surgery, such as hemorrhage, anesthetic 
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complications, urinary infection, dysuria, incontinence and retrograde 
ejaculation, can adversely affect a patient's willingness to undergo such a 
procedure. 

A fairly recent alternative treatment method for BPH involves 
5 microwave thermal therapy, in which microwave energy is employed to elevate 
the temperature of tissue surrounding the prostatic urethra above about 45 °C, 
thereby thermally damaging the tumorous tissue. Delivery of microwave energy 
to tumorous prostatic tissue is generally accomplished by a microwave antenna- 
containing applicator, which is positioned within a body cavity adjacent the 

10 prostate gland. The microwave antenna, when energized, heats adjacent tissue 
due to molecular excitation and generates a cylindrically symmetrical radiation 
pattern which encompasses and necroses the tumorous prostatic tissue. The 
necrosed intraprostatic tissue is subsequently reabsorbed by the body, thereby 
relieving an individual from the symptoms of BPH. 

15 One method of microwave thermal therapy described in the art 

includes intrarectal insertion of a microwave antenna-containing applicator. 
Heat generated by the antenna's electromagnetic field is monitored by a sensor 
which is positioned near the prostate gland by a urethral catheter. Because of 
the distance between the rectum and the tumorous prostatic tissue of the 

20 transition zone, however, healthy intervening tissue within the cylindrically 
symmetrical radiation pattern is also damaged in the course of intrarectal 
treatment. Intrarectal microwave thermal therapy applicators are described in 
the following references: Eshel et al. U.S. Patent No. 4,813,429; and A. 
Yerushalmi et al. Localized Deep Microwave Hypertherm ia in the Treatment of 

25 Poor Operative Risk Patients with Benign Prostatic Hyperplasia, 133 JOURNAL 
OF UROLOGY 873 (1985). 

A safer and more effective treatment of BPH is transurethral 
microwave thermal therapy. This method of treatment minimizes the distance 
between a microwave antenna-containing applicator and the transition zone of 
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the prosute by positioning a Foley-type catheter-bearing applicator adjacent to 
the prostate gland within the urethra. Due to the close proximity of the 
microwave antenna to the prostate, a lesser volume of tissue is exposed to the 
cylindrically symmetrical radiation pattern generated by the microwave antenna, 
5 thereby minimizing the amount of healthy tissue necrosed. Intraurethral 
applicators of the type described can be found in Turner et al. U.S. Patent 
4,967,765 and Hascoet et al. European Patent Application 89403199.6. 

Recent improvements in transurethral thermal therapy catheter 
design have resulted in even more effective application of microwave radiation 
10 applied to prostatic tissue. For instance, recent transurethral catheters such as 
that described in Rudie U.S. Patent No. 5,413,588, issued May 9, 1995, include 
shafts having a multiplicity of lumens arranged about a lumen carrying a 
microwave antenna. The antenna lumen is oriented nearer a first side of the 
catheter shaft than a second side of the catheter shaft to position the microwave 
15 radiation closer to the first side of the catheter. Cooling lumens are arranged 
about the microwave antenna lumen to" absorb a portion of the microwave 
radiation so that a greater amount of microwave radiation is absorbed on a 
second side of the catheter shaft than the first side. This arrangement creates 
an asymmetrical microwave radiation pattern to permit focusing a greater 
20 amount of microwave radiation toward a selected tissue, such as prostatic tissue 
anterior and lateral to the urethra. This transurethral catheter design also 
includes a lumen to facilitate urinary drainage from the bladder through the 

urethra during a treatment session. 

cttmmapv nr THF INVENTION 
25 The present invention is based upon the recognition that although 

the catheter disclosed in Rudie et al. U.S. Patent No. 5,413,588 offers a 
substantial improvement over previous designs, transurethral catheter designs 
can still be improved. In particular, improvements can still be made in 
maintaining consistent urine drainage, increasing antenna tuning consistency, 
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maximizing selective energy absorption of the area immediately surrounding the 
microwave antenna lumen, and simplifying manufacture of the catheter shaft 
while improving its structural integrity. In addition, transurethral catheter 
designs can be improved to facilitate insertion of the catheter within the urethra 
5 while also simplifying manufacture of the catheter. 

An intraurethral catheter of the present invention comprises a 
shaft including an antenna lumen having a generally circular cross-sectional area 
for receiving a microwave antenna. The antenna lumen is positioned nearer a 
first side of the catheter shaft than a second side of the catheter shaft. The 
10 microwave antenna, when energized, produces a cylindrically symmetrical 
radiation pattern about the antenna. 

A first and second pair of cooling lumens substantially surround 
the antenna lumen and have a generally arc shaped cross-sectional area 
configured to be circumjacent to the antenna lumen about a substantial majority 
15 of the antenna lumen. The second pair of cooling lumens have a cross-sectional 
area greater than the cross-sectional area of the first pair of cooling lumens. A 
urinary drainage lumen is positioned between the second pair of cooling lumens 
adjacent the antenna lumen and has a generally circular cross-sectional surface 
area. 

20 The generally arc shaped cross-sectional surface area of the 

cooling lumens is configured to maximize exposure of the surface area of the 
cooling lumens to the antenna lumen. The generally arc shape of the cooling 
lumens places an inner wall of the cooling lumens immediately circumjacent a 
substantial majority of the antenna lumen. This configuration maximizes 

25 efficiency of the cooling lumens in counteracting heat generated by the 
microwave antenna in a region immediately surrounding the antenna and the 
catheter shaft. 

The first pair of cooling lumens are positioned adjacent the first 
side of the catheter shaft while the larger second pair of cooling lumens are 
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positioned adjacent the second side. The larger, second pair of cooling lumens 
(when filled with fluid) absorb a greater amount of microwave energy than the 
first pair of cooling lumens to produce a preferential asymmetrical radiation 
pattern in the prostatic tissue being treated. In combination with the eccentric 

.5 position of the antenna lumen, the cooling lumen configuration about the antenna 
lumen permits heating of prostatic tissue adjacent a first side of the catheter 
above 45 °C to necrose tumorous tissue while maintaining tissue adjacent the 
second side below 45 °C to preserve healthy tissue. 

The generally circular cross-sectional surface area of the urinary 

10 drainage lumen is configured to minimize exposure of the surface area of the 
urinary drainage lumen relative to an antenna lumen also having a generally 
circular cross section. The generally circular cross-sectional shape of the urine 
drainage lumen places only a point of the circular lumen immediately adjacent 
the generally circular cross-section of the antenna lumen. The generally circular 

15 shape of the urinary drainage lumen and its placement relative to the antenna 
lumen reduces the effect that variability in urine flow has on the radiation 
pattern generated by the microwave antenna. 

In addition, providing a urinary drainage lumen with a generally 
circular cross-sectional area greatly improves the likelihood of the lumen 

20 remaining open when a portion of the catheter shaft is positioned into a curved 
or bent position within the urethra. The generally circular cross section 
provides a shape that can remain open even if the catheter is bent in any one of 
several different directions. 

The lumens of the catheter shaft are preferably defined by a 

25 unitary wall having a substantially uniform thickness throughout the catheter. 
However, a catheter of the present invention can further include a portion of the 
wall of the catheter having a thickness of about two times the substantially 
uniform wall thickness and defining a common wall of the antenna lumen and 
the temperature sensing lumen. In addition, a second portion of the wall of the 
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catheter can have a wall thickness of about one-half the substantially uniform 
thickness and define an outer wall of the temperature sensing lumen and the first 
outer surface of the catheter. This configuration maximizes insulation between 
a thermal sensing device positioned within the temperature sensing lumen and 
5 the microwave energy and heat generated by a microwave antenna positioned 
within the antenna lumen of the catheter shaft. This increases the accuracy of 
temperature measurements of the tissue surrounding the transurethral catheter. 

A temperature sensing lumen of the transurethral catheter of the 
present invention can further include an elongate insert positioned alongside a 

10 thermal sensing device within the temperature sensing lumen between the 
thermal sensing device and the antenna lumen. This insert further insulates the 
thermal sensing device from the heat generated by the microwave antenna field 
and places the thermal sensing device closer to the prostatic tissue to further 
increase the accuracy of the thermal sensing device in measuring the 

15 temperature of the surrounding prostatic tissue. The insert also moves the 
thermal sensing device further away from the cooling fluid intake lumens 
thereby reducing the cooling effect of cooling fluids on temperature 
measurements taken by the thermal sensing device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a vertical sectional view of a male pelvic region showing 

the urinary organs affected by benign prostatic hyperplasia. 

Fig. 2 is a plan view of the urethral catheter of the present 

invention. 

Fig. 3 is a cross-sectional view of the urethral catheter of Fig, 2 
25 taken along line 3-3. 

Fig. 4 is a cross-sectional view of the urethral catheter of Fig. 2 
taken along line 4-4. 

Fig. 5 is a perspective view of a proximal portion of the urethral 
catheter with the proximal end portion taken in section from line 5-5 of Fig. 2. 
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Fig. 6 is a perspective view of a combined tip and balloon of the 
urethral catheter of the present invention. 

Fig. 7 is an enlarged sectional view of the proximal end of the 
urethral catheter of the present invention. 
5 Fig. 8 is a partial sectional view of the temperature sensing lumen 

and an elongate insert of the urethral catheter of the present invention. 

Fig. 9 is a cross-sectional view of the urethral catheter of Fig. 8 
taken along line 9-9. 

Fig. 10 is a cross-sectional view of an alternative embodiment of 
10 a tubular elongate insert of the present invention. 

Fig. 11 is an enlarged view of the male pelvic region of Fig. 1 
showing the urethral catheter of the present invention positioned within the 
prostate region. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
1 5 Fig. 1 is a vertical sectional view of a male pelvic region showing 

the effect benign prostatic hyperplasia (BPH) has on the urinary organs. 
Urethra 10 is a duct leading from bladder 12 t through prostate 14 and out 
orifice 16 of penis end 18. Benign tumorous tissue growth within prostate 14 
around urethra 10 causes constriction 20 of urethra 10, which interrupts the flow 
20 of urine from bladder 12 to orifice 16. The tumorous tissue of prostate 14 
which encroaches urethra 10 and causes constriction 20 can be effectively 
removed by heating and necrosing the encroaching tumorous tissue. Ideally, 
with the present invention, only periurethral tumorous tissue of prostate 14 
anterior and lateral to urethra 10 is heated and necrosed to avoid unnecessary 
25 and undesirous damage to urethra 10 and to adjacent healthy tissues, such as 
ejaculatory duct 24 and rectum 26. A selective heating of benign tumorous 
tissue of prostate 14 (transurethral thermal therapy) is made possible by 
microwave antenna-containing catheter 28 of the present invention, which is 
shown in Fig. 2. 
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As shown in Fig. 2, catheter 28 generally includes multi-port 
manifold 30, multi-lumen shaft 32, and tip 34 which includes balloon portion 
36, tip portion 38, and side port 39. Manifold 30 includes inflation port 40, 
urine drainage port 42, microwave antenna port 44, cooling fluid intake port 46, 
5 and cooling fluid exhaust port 48. Ports 40-48 of manifold 30 communicate 
with corresponding lumens within shaft 32. Manifold 30 is preferably made of 
medical-grade silicone sold by Dow Corning under the trademark Silastic Q-7- 
4850. 

Catheter 28 can be employed in a thermal therapy catheter system 

10 further including a cooling system, a microwave generating source, and a 
urethral thermometry unit. These additional elements of a thermal therapy 
catheter system are disclosed in Rudie et al. U.S. Patent No. 5,413,588, which 
is hereby incorporated by reference. In particular, manifold 30 of catheter 28 
of the present invention cooperates with a transurethral thermal catheter system 

15 in the same manner that manifold 30 disclosed in the Rudie patent cooperates 
with the multi-lumen catheter, cooling system, microwave generating source, 
and transurethral thermometry unit disclosed in that patent. For instance, 
inflation port 40 of manifold 30 of the present invention is adapted for receiving 
an inflation fluid for inflating balloon 36. Urinary drainage port 42 of manifold 

20 30 is adapted to facilitate urine from catheter shaft 32, and antenna port 44 is 
adapted to receive a microwave antenna for insertion and positioning within the 
multi-lumen catheter shaft 32. Cooling fluid intake port 46 and cooling fluid 
exhaust port 48 are cooperable with a cooling system for providing selective 
flow of cooling fluids within multi-lumen catheter shaft 32. 

25 Shaft 32 is connected to manifold 30 at shaft distal end 50. Shaft 

32 is long enough to permit insertion of balloon 36 through urethra 10 and into 
bladder 12. Shaft 32 is a multi-lumen urethral catheter shaft which is extruded 
from a flexible, medical-grade silicone sold by Dow Corning under the 
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trademark Silastic® q. 7 ^ 85 o. The silicone material preferably has a durometer 

hardness of 80 Shore A. 

As shown in Fig. 3, multi-lumen shaft 32 includes temperature 

sensing lumen 56, microwave antenna lumen 58, urine drainage lumen 60, 

5 balloon inflation lumen 62, cooling fluid intake lumens 64A and 64B, and 

cooling exhaust lumens 66 A and 66B. Lumens 56-66B generally extend from 

distal shaft end 50 to proximal shaft end 54. Lumens 56-66B are defined by 

unitary wall 68 which has a substantially uniform thickness throughout a cross 

section of catheter shaft 32. Catheter wall 68 preferably has a thickness of 

1 0 0.009 inches. A center of each of lumens 56-62 is aligned along a longitudinal 

axis of an elliptical cross section of catheter shaft 32. Protective sheath 71 

® 

covers outer surface 52 of catheter shaft 32 and is preferably made of Teflon 
to facilitate its advancement within urethra 10. 

Temperature sensing lumen 56 is positioned near first side 70 of 

1 5 shaft 32. Temperature sensing lumen 56 has a generally circular cross sectional 
surface area and is configured to permit insertion of a thermometry sensor 
within shaft 32 to monitor the temperature of surrounding prostatic tissue when 
shaft 32 is inserted within urethra 10. Temperature sensing lumen 56 preferably 
has a diameter of about 0.032 inches. 

20 First modified portion 72 of catheter wall 68 defines a common 

wall between antenna lumen 58 and temperature sensing lumen 56. First 
modified wall portion 72 preferably has a thickness (e.g., 0.020 inches) about 
two times the otherwise substantially uniform thickness of catheter wall 68. 
Second modified portion 74 of catheter wall 68 defines an outer wall of 

25 temperature sensing lumen 56 and preferably has a thickness (e.g., 0.005 
9 inches) about one-half the otherwise substantially uniform wall thickness of 

catheter wall 68. 

Microwave antenna lumen 58 is positioned eccentric to the 
longitudinal axis of catheter shaft 32, antenna lumen 58 being positioned nearer 
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first side 70 of shaft 32 than second side 76 of shaft 32. Microwave antenna 
lumen 58 preferably has a generally circular cross-sectional surface area which 
is larger than a cross-sectional surface area of any of the other respective lumens 
of catheter shaft 32. Antenna lumen 58 preferably has a diameter of about 

5 0.106 inches. At its distal end, antenna lumen 58 communicates with 
microwave antenna port 44 of manifold 30. Antenna lumen 58 is adapted for 
receiving a microwave antenna to be permanently positioned within antenna 
lumen 58 of shaft 32 near balloon 36 (Fig. 2) so the antenna will be generally 
situated adjacent benign tumorous tissue of prostrate 14 when shaft 32 is 

10 properly positioned within urethra 10. A microwave antenna suitable for 
incorporation into catheter 28 of the present invention is disclosed in Rudie et 
al. U.S. Patent No. 5,413,588, issued May 9, 1995, and is hereby incorporated 
by reference. 

Urine drainage lumen 60 is positioned adjacent antenna lumen 58 
15 between antenna lumen 58 and second side 76 of shaft 32. Urine drainage 
lumen 60 has a generally circular cross-sectional surface area defined by 
catheter wall 68 and preferably has a diameter of about 0.04 inches. Urine 
drainage lumen 60 communicates with urine drainage port 42 of manifold 30 at 
distal shaft end 50 and with tip 34 at proximal shaft end 54 to define a drainage 
20 path for urine when tip 34 of catheter 28 is inserted within bladder 12. Urine 
flows into tip 34 through side port 39 (Fig. 2). Drainage of urine from bladder 
12 is necessary due to frequent bladder spasms which occur during transurethral 
thermal therapy. 

Balloon inflation lumen 62 is positioned near second side 76 of 
25 shaft 32, generally between urine drainage lumen 60 and second side 76. 
Balloon inflation lumen 62 preferably has a generally circular cross-sectional 
surface area defined by catheter wall 68 and preferably has a diameter of about 
0.04 inches. Balloon inflation lumen 62 communicates with inflation port 40 
of manifold 30 for moving balloon inflation fluid in and out of the balloon 
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inflation lumen 62. Balloon inflation lumen 62 is provided for supplying an 
inflation fluid to balloon portion 36 of tip 34. 

Cooling fluid intake lumens 64A and 64B are positioned 
circumjacent antenna lumen 58 and first side 70, being located between first side 
5 70 and antenna lumen 58. Cooling fluid intake lumens 64A and 64B are defined 
by single unitary catheter wall 68 and preferably have a generally arc shaped 
cross-sectional surface area configured to partially surround antenna lumen 58. 
Cooling lumens 64 A and 64B also preferably have a uniform radial thickness. 
Cooling fluid intake lumens 64A and 64B extend from distal shaft end 50 to 
10 proximal shaft end 54. Fluid contained within intake lumens 64 A and 64B 
absorbs a portion of microwave energy emitted by a microwave antenna within 
antenna lumen 58 to control the volume of prostatic tissue adjacent first side 70 
of shaft 32 that is heated above 45°C. Water within intake lumens 64A and 
64B also absorbs heat energy generated by microwave energy from adjacent 
15 tissues via thermal conduction. Cooling fluid intake lumens 64A, 64B have a 
radial thickness of about 0.028 inches and have an inner radius of 0.062 inches 
and an outer radius of 0.09 inches (relative to a focus of the elliptical cross- 
section of shaft 32 nearest first side 70). 

Cooling fluid exhaust lumens 66A and 66B are generally 
20 positioned between second side 76 and antenna lumen 58 and have a generally 
arc-shaped cross-sectional surface area. First portions 67A and 67B of cooling 
exhaust lumens 66A and 66B are circumjacent antenna lumen 58 and second 
portions 69A and 69B are circumjacent second side 76 of catheter, shaft 32. The 
generally arc shaped cross-sectional surface area of cooling fluid exhaust lumens 
25 66A and 66B is modified to accommodate the presence of urine drainage lumen 
60 between cooling exhaust lumens 66A and 66B. Cooling exhaust lumens 66A 
and 66B extend from shaft distal end 50 to shaft proximal end 54. Cooling 
exhaust lumens 66A and 66B are wider in cross section than cooling intake 
lumens 64A and 64B and have a cross-sectional surface area greater than the 
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cross-sectional surface area of cooling intake lumens 64A and 64B. Cooling 
fluid exhaust lumens 66A, 66B have an outer radius of 0.09 inches (relative to 
a focus of the elliptical shaft cross section of shaft 32 nearest first side 70). 
Portion 67A, 67B of lumens 66A, 66B have an inner radius of 0.062 inches 
5 (relative to the focus of the elliptical shaft cross section nearest first side 70). 

This greater cross-sectional surface area of exhaust lumens 66A 
and 66B enable water within exhaust lumen 66A and 66B to be capable of 
absorbing a greater amount of microwave energy when a microwave antenna 
disposed within antenna lumen 58 is energized. Given the power output 

10 currently used with a microwave antenna such as that disclosed in Rudie et al. 
U.S. Patent No. 5,413,588, the temperature of tissue adjacent second side 76 
of shaft 32 will remain below about 45 °C. This prevents the portion of urethra 
10 adjacent second side 76 from being overheated and damaged when a 
microwave antenna within antenna lumen 58 is energized. 

1 5 Cooling intake lumens 64A and 64B and exhaust lumens 66A and 

66B cooperate with a cooling system via ports 46 and 48 of manifold 30 to 
provide a selectively controlled flow of fluid through cooling lumens 64A, 64B, 
66A, and 66B during a treatment session. This arrangement achieves a desired 
cooling pattern surrounding a microwave antenna energized within antenna 

20 lumen 58 while catheter shaft 32 is within a urethra 10. Cooling intake lumens 
64A, 64B and cooling exhaust lumens 66A, 66B can be used with a cooling 
system under the treatment parameters as described in Rudie et al. U.S. Patent 
No. 5,413,588, (earlier incorporated by reference) and under the treatment 
parameters disclosed in pending application U.S. Serial No. 08/309,137, filed 

25 September 20, 1994. 

Cooling fluid intake lumens 64A and 64B are in communication 
with cooling exhaust lumens 66A and 66B, respectively, near proximal shaft end 
54 of catheter shaft 32 adjacent balloon portion 36 (Fig. 2). As shown in Fig. 
4, a portion of catheter wall 68 defining a common wall between cooling intake 
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lumen 64A and cooling exhaust lumen 66A has been removed creating hole 77A 
to permit communication between the respective lumens. Similarly, a portion 
of catheter wall 68 defining a common wall between cooling intake lumen 64B 
and cooling exhaust lumen 66B has been removed creating hole 77B to allow 
5 communication between the respective lumens 64B and 66B. This configuration 
permits cooling fluid that is flowing proximally through cooling intake lumens 
64A and 64B to enter cooling exhaust lumens 66A and 66B, respectively, to 
establish a cooling fluid flow loop that cooperates with a cooling system 
connected to manifold 30. 

10 Fig. 5 illustrates a cross section of catheter shaft 32 adjacent a 

shaft end 54 just proximal to balloon 36 (see Fig. 2). At this location, 
temperature sensing lumen 56, antenna lumen 58, inflation lumen 62, cooling 
intake lumens 64A and 64B, and cooling exhaust lumens 66A and 66B are 
closed by silicone plug material 78 sealing each of these lumens at proximal 

15 shaft end 54. However, urine drainage lumen 60 remains open at proximal 
shaft end 54 so that urine from the bladder may pass through tip 34 and into 
urine drainage lumen 60. 

As shown in Fig. 6, tip 34 comprises a single unitary member 
including balloon portion 36 and tip portion 38. Balloon portion 36 is a flexible 

20 tubular portion having distal end 80, proximal end 82, side wall 84, inner 
surface 86, ribs 88, and hole 90. Side wall 84 of tubular balloon portion 36 
extends between distal end 80 and proximal end 82 and has inner surface 86 
with ribs 88 formed thereon extending circumferentially on the inner surface 86. 
Ribs 88 are visible in Fig. 6 since flexible tubular portion of balloon portion 36 

25 is preferably made from a translucent material. Side wall 84 of tubular balloon 
portion 36 includes hole 90 formed adjacent proximal end 82. 

Tip portion 38 comprises a flexible curved body having distal end 
92, proximal tip end 94, tip lumen 96, dividing wall 98, and hole 100. Tip 
lumen 96 extends through a portion of the tip body and communicates with side 
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port 39. Side port 39 permits insertion of a guide wire (not shown) into tip 
lumen 96 to facilitate insertion of intraurethral catheter 28 within urethra 10 in 
a manner well known in the art. Dividing wall 98 at distal end 92 defines a 
border between balloon portion 36 and tip portion 38. Wall 98 also defines a 
5 distal end of tip lumen 96 and has hole 100 formed therein to permit 
communication between tip lumen 96 and an interior of tubular balloon portion 
36. 

Tip 34 is formed by liquid injection molding from a flexible, 
medical-grade silicone sold by Dow Corning under the trademark Silastic Q-7- 

10 4850. The silicone preferably has a material hardness of 20 Shore A, which is 
relatively soft to provide an atraumatic tip. Tip 34 can also include a 
radiopaque filler such as barium sulfate added to the silicone material to make 
tip 34 observable under fluoroscopy. 

Tip 34 preferably has a length of 1 .95 inches including tip portion 

1 5 38 which preferably has a length of 0.84 inches. Tubular portion 36 preferably 
has a length of 1.11 inches including the ribbed portion which has a length of 
0.64 inches. Side wall 94 preferably has a thickness of 0.01 inches while ribs 
88 preferably have a radius of 0.01 inches and are spaced longitudinally with 
respect to each other by 0. 16 inches. Tubular portion 36 has an elliptical cross 

20 section and has a radius of about 0.110 inches, wherein the foci of the ellipse 
are separated by 0.053 inches. Side wall 94 of tubular portion is capable of 
elongating up to 400% so that an elliptical cross section of balloon portion 36 
when expanded has a cross sectional area about 4 times its cross sectional area 
in a nonexpanded state. 

25 Fig. 7 provides a more detailed view of catheter shaft 32 and tip 

34 at proximal shaft end 54. Proximal shaft end 54 of catheter 28 fits snugly 
within tubular portion 36 of tip 34 with utmost proximal shaft end 54 resting 
against dividing wall 98 of tip 34 and outer surface 52 of catheter shaft 32 in 
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contact with multiple structures defining an interior of tubular balloon portion 
36. 

As shown in FIG. 7, urine drainage lumen 60 further includes 
expanded diameter portion 102 while inflation lumen 62 further includes hole 
5 104. Temperature sensing lumen 56, antenna lumen 58, and inflation lumen 62 
further include silicone plug material 78 filled within their proximal ends. 
Balloon portion 36 of tip 34 further includes first collar 106, second collar 108, 
first well 110, second well 112, third well 114, adhesive dam 116, first rib 118, 
and second rib 119. 

10 Expanded diameter section 102 of urine drainage lumen 60 has 

a generally conical shape and communicates with tip lumen 96 via hole 100 in 
wall 98 to permit urine flow therethrough. Hole 104 of inflation lumen 62 
permits communication between inflation lumen 62 and an interior of balloon 
portion 36 for inflating and deflating balloon portion 36. 

15 Expanded diameter portion 102 of urine drainage lumen 60 is 

formed at the time silicone plug material 78 is introduced into the other lumens 
32 at proximal shaft end 54. In particular, a syringe tip is introduced into urine 
drainage lumen 60 at proximal shaft end 54 and maintained in that position 
while silicone plug material 78 is introduced into all of the remaining lumens 

20 defining catheter shaft 32. The introduction of silicone plug material 78 
includes the application of heat to proximal shaft end 54, thereby causing 
urinary drainage lumen 60 to permanently expand and reform about the shape 
of the syringe tip. Upon setting of the silicone plug material 78, the syringe tip 
is removed from proximal shaft end 54 resulting in urine drainage lumen 60 

25 having expanded diameter portion 102 and each of the other respective lumens 
of catheter shaft 32 having sealed ends filled with silicone plug material 78. 

First collar 106 of balloon portion 36 defines distal end 80 while 
second collar 108 defines proximal end 82 with side wall 84 extending 
therebetween. First well 110 defines a reservoir formed between first collar 
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106, first rib 118, and side wall 84 while second well 112 defines a reservoir 
formed between second collar 108, side wall 84, and adhesive dam 116. Third 
well 114 defines a reservoir formed between adhesive dam 116, side wall 84, 
and second rib 119. 

5 To secure tip 34 onto proximal shaft end 54, tubular portion 36 

is slip fit over proximal shaft end 54 into the position shown in FIG. 7. Next, 
tubular portion 36 is secured about proximal shaft end 54 with an adhesive. 
Adhesive is introduced between first collar 106 and shaft outer surface 52 of 
shaft 32 to create a sealed connection therebetween. First well 1 10 catches any 

10 excess adhesive that wicks proximally beyond first collar 106. 

Side hole 90 is used to introduce adhesive between second collar 
108 and shaft outer surface 32 at utmost shaft proximal end 54. Second well 
112 receives adhesive introduced through side hole 90 while adhesive dam 116 
blocks adhesive from migrating distally toward inner surface 86 of side wall 84. 

15 Third well 118 acts as an additional reservoir for catching excess adhesive 
migrating past adhesive dam 116. 

With first collar 106 and second collar 108 of tubular portion 36 
sealingly connected about shaft outer surface 52, side wall 84 remains free to 
expand relative to shaft outer surface 52 upon introduction of inflation fluid 

20 within an interior of balloon portion 36 (via inflation lumen 62 through hole 
104). Ribs 88 remain spaced slightly from outer surface 52 and maintain 
spacing between inner surface 86 of side wall 84 and outer surface 52 of 
catheter shaft 32. This prevents the silicone material forming balloon portion 
36 from sticking to the silicone material forming shaft outer surface 52. In the 

25 absence of ribs 88, inner surface 86 of side wall 84 would tend to stick to shaft 
outer surface 52 and thereby inhibit inflation and expansion of side wall 84. 

Tubular, portion 36 is positioned on proximal shaft end 54 so that 
side wall 84 can be expanded within bladder 12 to maintain a proximal end of 
a microwave antenna (within catheter shaft 32) spaced at least 4 millimeters 
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proximally from the opening of the bladder 12. This positions the microwave 
antenna within urethra 10 so that healthy prostatic tissue between a tip of the 
microwave antenna and bladder 12 is preserved. 

As shown in Fig. 8, an alternative embodiment of catheter shaft 

5 32 further includes elongate insert 120. Elongate insert 120 includes first end 
122 and second end 124. Elongate insert 120 is positioned within temperature 
sensing lumen 56 alongside sensor 126 of thermal sensing device 128 adjacent 
microwave antenna 130 positioned within antenna lumen 58. Elongate insert 
120 displaces sensor 126 of thermal sensing device 128 radially away from 

10 antenna 130 and toward first side 70 of catheter shaft 32. 

Fig. 9 illustrates a cross-sectional view of elongate insert 120. 
Elongate insert 120 has a generally crescent shaped cross-sectional surface area 
including a concave surface and has a width approximately one-half the diameter 
of temperature sensing lumen 56. Concave surface 127 of elongate insert 120 

15 is positioned circumjacent sensor 126 between thermal sensing device 128 and 
antenna lumen 58 to move sensor 126 within temperature sensing lumen 56 as 
far away as possible from microwave antenna 130 and cooling lumens 64A and 
64B. This arrangement increases the accuracy of temperature measurements of 
surrounding prostatic tissue adjacent shaft first side 70 by better insulating 

20 sensor 126 from both heating (microwave antenna) and cooling (cooling fluid) 
sources within catheter shaft 32. Elongate insert 120, in filling up a portion of 
the cross sectional area within temperature sensing lumen 56, effectively 
eliminates excess spacing within lumen 56 that is necessary to permit insertion 
of thermal sensing device 128 within lumen 56. 

25 Elongate insert 120 can be inserted into temperature sensing 

lumen 56 either before or after thermal sensing device 128 is positioned within 
temperature sensing lumen 56. Elongate insert 120 is introduced into 
temperature sensing lumen 56 by making a cut in first side 70 of catheter shaft 
32 adjacent temperature sensing lumen 56 and advancing elongate insert 120 
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distally through temperature sensing lumen 56 until elongate insert 120 is 

completely within temperature sensing 56 and resting on an inner wall of 

temperature sensing lumen 56. Elongate insert 120 is then held in place against 

the inner wall of temperature sensing lumen 56 until sensor 126 is properly 

5 positioned relative to elongate insert 120. Thereafter, the slit made in first side 

70 of catheter shaft 32 is sealed using an adhesive filler. Elongate insert 120 

has a length of about one to two inches, a thickness at its center of about 0.013 

inches, and a width between its outer edges of about 0.32 inches. Elongate 

® 

insert 120 is preferably formed from a Teflon material to facilitate sliding 

10 movement of sensor 126 relative to insert 120. 

As shown in Fig. 10, tubular elongate insert 140 provides an 
alternative embodiment to crescent shaped elongate insert 120. Tubular elongate 
insert 140 includes inner surface 142, outer surface 144 and wall 146 defined 
therebetween. Tubular insert 140 is positioned within temperature sensing 

15 lumen 58 and surrounds sensor 126 of thermal sensing device 128. Like 
elongate insert 120, tubular insert 140 displaces sensor 126 away from antenna 
130 and cooling lumens 64A and 64B toward first side 70 of catheter shaft 32, 
thereby eliminating excess space within temperature sensing lumen 58 and 
increasing the accuracy of temperature measurements of the surrounding 

20 prostatic tissue. 

Tubular insert 140 is placed within temperature sensing lumen 58 
according to the insertion method described for elongate insert 120. Tubular 
insert 140 is preferably formed from a Teflon material to facilitate sliding 
movement of sensor 126 relative to tubular insert 140. Tubular insert 140 has 

25 a length of about one to two inches, wall 146 has a uniform radial thickness of 
about 0.007 inches, and outer surface 144 has a diameter of about 0.032 inches. 

In use, catheter 28 of the present invention including multi-lumen 
catheter shaft 32 and tip 34 including balloon portion 36 is employed according 
to the insertion method and treatment method described in Rudie et al. U.S. 
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Patent No. 5,413,588. Additional urethral treatment parameters can be 
employed with catheter 28 of the present invention such as that described in 
U.S. Patent Application Serial No. 08/309,137 filed September 20, 1994 and 
hereby incorporated by reference. 

5 Fig. 1 1 shows an enlarged view of the male pelvic region of Fig. 

1 with catheter 28 properly positioned within urethra 10. Shaft 32 is positioned 
within urethra 10 with second side 76 of shaft 32 oriented toward rectum 26. 
Cooling fluid exhaust lumens 66A, 66B are oriented posteriorly, toward rectum 
26 and cooling fluid intake lumens 64A, 64B are oriented anteriorly toward 

10 fibromuscular tissue 140 of prostate 14. The portion of transition zone 142 
anterior and lateral to urethra 10 is the most frequent location of the tumorous 
tissue growth which causes BPH. Since cooling fluid exhaust lumens 66A, 66B 
are capable of absorbing more microwave energy than cooling fluid intake 
lumens 64A, 64B, the radiation patterns created by microwave energy emitted 

15 from antenna 144 are asymmetrical. Thus, a relatively large volume of tissue 
enveloping the anterior portion of transition zone 142, adjacent first side 70, is 
heated to a temperature above about 45 °C, which effectively necroses the 
tumorous tissue of prostate 14 which encroaches upon urethra 10. In 
comparison, the temperature of tissue adjacent second side 76 remains below 

20 about 45°C, thereby eliminating the harmful effects of the microwave energy 
to ejaculatory duct 24 and rectum 26. 

Catheter 28 of the present invention including multi lumen shaft 
32 and tip 34 yield numerous advantages over the prior art. First, multi lumen 
catheter shaft 32 is configured to maximize exposure of its cooling lumens to 

25 an antenna lumen carrying a microwave antenna. This optimized configuration 
is established by having cooling fluid intake and exhaust lumens with a generally 
arc shaped cross-sectional area which substantially surround an antenna lumen 
having a generally circular cross-sectional area. These lumens are defined by 
a unitary wall having a substantially uniform wall thickness arranged to 
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maximize the cross-sectional surface area of the cooling lumens relative to the 
antenna lumen. Second, a urine drainage lumen of the present invention has a 
generally circular cross-sectional surface area which tends to remain open even 
when an intraurethral catheter of the present invention is disposed within a 
5 portion of a urethra which bends the intraurethral catheter. In addition, the 
generally circular cross-sectional area of the urine drainage lumen disposed 
adjacent the antenna lumen minimizes the relative surface area and exposure 
between the urine drainage lumen and the antenna lumen. This reduces the 
effect that variable urine flow within the urine drainage lumen has on 
10 microwave antenna tuning and on the consistency of the shape and energy of a 
microwave radiation pattern generated by the microwave antenna within the 
antenna lumen. 

Finally, the lumens of multi lumen catheter shaft 32 are arranged 
and shaped to increase the structural integrity of catheter shaft 32 while 

15 maximizing the surface area of each of the respective lumens. This is 
accomplished by defining the respective lumens by a single unitary wall having 
a substantially uniform wall thickness and by selecting optimal shapes of the 
cross-sectional surface area of the lumens. 

The tip 34 of catheter 28 of the present invention also has 

20 numerous advantages. First, a tip comprising a single unitary member including 
an insertion tip and an inflatable balloon portion greatly simplifies assembly of 
the catheter. The tip can simply be slip fit over a proximal end of the catheter 
shaft and secured thereto with an adhesive. The insertion tip portion facilitates 
insertion and guidance of the catheter of the present invention within the 

25 urethra. A balloon of a tip of the present invention is constructed to maintain 
a low profile in its deflated state to facilitate insertion and passage of the 
catheter within a urethra. Unlike prior art balloon designs, a balloon of a tip 
of the present invention does not have any excess material or winged portions 
which must be folded down or compressed during insertion of or passage of the 
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balloon through the urethra. Rather, the unique structure of a balloon of the tip 
of the present invention yields a balloon which remains relatively flat in its 
deflated state during passage through the urethra. A tubular portion comprising 
a balloon of the present invention is arranged and configured to facilitate 
5 introducing adhesive for sealing the balloon about an outer surface of the 
catheter shaft without compromising an effective length of the inflatable portion 
of the balloon caused by wicking of the adhesive toward an anterior portion of 
the balloon. 

Although the present invention has been described with reference 
1 0 to preferred embodiments, workers skilled in the art will recognize that changes 
may be made in form and detail without departing from the spirit and scope of 
the invention. 



WO 96/39227 



PCT/US96/07878 



-22- 

WHAT IS CLAIMED IS: 

1. An intraurethral catheter comprising: 

an elongate shaft having a first end, a second end, a first outer 
surface, and a second outer surface, the shaft further 
5 comprising: 

a plurality of lumens which extend between the first end 
and the second end of the shaft including, 
an antenna lumen having a generally circular 
cross-sectional surface area and being 
10 positioned nearer the first outer surface 

than the second outer surface; 
a first pair and a second pair of cooling lumens 
substantially surrounding the antenna 
lumen wherein the cooling lumens have a 
1 5 generally arc shaped cross-sectional surface 

area are configured to be adjacent to the 
antenna lumen about a substantial majority 
of the antenna lumen; and 
a urinary drainage lumen positioned between the 
20 second pair of cooling lumens adjacent the 

antenna lumen, the urinary drainage lumen 
having a generally circular cross-sectional 
surface area. 

2. The catheter of claim 1 and further comprising: 

25 a temperature sensing lumen positioned between the first outer 

surface and the antenna lumen and having a generally 
circular cross-sectional surface area; and 
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an inflation lumen positioned between the second outer surface 
♦ and the urinary drainage lumen and having a generally 

circular cross-sectional surface area. 

3 . The catheter of claim 2, and farther comprising a thermal sensing 
5 device, the thermal sensing device being positioned within the temperature 

sensing lumen of the shaft. 

4. The catheter of claim 3 and further comprising: 

an elongate insert positioned within the temperature sensing 
lumen alongside the thermal sensing device between the 
10 thermal sensing device and the antenna lumen. 

5 . The catheter of claim 4 wherein the insert has a generally arcuate 
cross-sectional surface area and a concave surface of the insert is adjacent to the 
thermal sensing device. 

6. The catheter of claim 3 and farther comprising: 

15 a tubular elongate insert positioned within the temperature 

sensing lumen and surrounding the thermal sensing 
device. 

7. The catheter of claim 2 wherein the lumens of the catheter are 
defined by a single unitary wall having a substantially uniform thickness 

20 throughout the catheter. 

8. The catheter of claim 1 , and farther comprising a healing device, 
the heating device being positionable within the antenna lumen of the shaft. 

9. The catheter of claim 1 wherein a portion of the second pair of 
cooling lumens has a radial thickness about two times the radial thickness of the 

25 first pair of cooling lumens. 

10. An intraurethral catheter comprising: 

an elongate shaft having a first end, a second end, a first outer 
surface, a second outer surface, and a plurality of lumens 
which extend between the first end and the second end of 
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the shaft, the lumens being defined by a unitary wall 
having a substantially uniform wall thickness, and the 
shaft further comprising: 

an antenna lumen having a generally circular cross- 
sectional surface area, wherein the antenna lumen 
is oriented nearer the first outer surface than the 
second outer surface; and 

a first and second pair of cooling lumens and a urinary 
drainage lumen arranged to substantially surround 
the antenna lumen wherein an inner wall of the 
cooling lumens and the urinary drainage lumen are 
common with a wall defining the antenna lumen 
so that each of the cooling lumens and the urinary 
drainage lumen are spaced from the antenna lumen 
by no more than the substantially uniform wall 
thickness. 
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FOREWORD 



It is now almost 3 years since we presented our 
Integral Theory of Female Urinary Incontinence ( I ). 
Since that time we have had the opportunity to 
challenge the concepts originally presented, not only 
by further morphological and urodynamic studies, 
but in a clinica) sense also, by direct application of 
the theory to each of the hundreds of pat iem s we have 
treated in that time. This has led to many of the 
concepts being further refined and clarified. In the 
present work, many of the muscle movements pre- 
dicted by the theory have been identified using 
levator myograms, barium studies, EMC and pres- 
sure studies. We introduce a new concept for dy- 
namic pressure measurements in the urethra and 
bladder, whereby pressure transmission ratio re- 
flects directly the contractile force of the pel vie floor, 
and indirectly, specific defects in the vagina or its 
supporting ligaments. 

Style of Expression 

In this work, we have attempted to fulfil the criteria 
of Karl Popper as concerns expression and exposi- 
tion of a theory. Therefore the Integral Theory has 
been deliberately expressed in a small number of 
explicit statements. This fulfils a prime obligation of 
any theory 1 . that it must be testable for truth or falsity. 
This obligation has forced us to make many defini- 
tive statements on matters which have not been 
properly tested This may reasonably irritate some 
readers. As medical scientists, we fully acknowledge 
this criticism. The alternative, however, would be to 
express the theory in a way which precludes proper 
testing of the theory. Explicit statements allow de- 
ductive methods of proof to be applied, and predic- 
tions to be made. This not only permits the theory 
i tself to be tested by particular experiments, but it also 
places an obligation on the theory 10 explain the 
large body of data already in existence. According 
to Popper, no theory can ever be finally proven. In 
this context, this work can only be regarded as a small 
step in what we foresee will be a new perspective on 
female urinary incontinence. 



Practical information and guidelines for reading 
this supplement 

This supplement is divided into four pans. 

Part I gives an introduction of the integral theory on 
female urinary incontinence. Morphological, radio- 
graphic and urodynamic evidence is presented for 
the suggested mechanisms. The clinical perspective 
is given through six identified anatomical defects 
which also comprise a new classification for diagno- 
sis and treatment of female urinary incontinence. 
Although somewhat detailed, this part constitutes a 
basic platform for the three sections which follow. 

Part Tl aims to outline how the biochemical changes 
inherent in connective tissue affect the biomechanica! 
properties of the vagina and its supporting ligaments, 
and how these in turn impact on functional and 
dysfunctional opening and closure of urethra and 
bladder neck. 

Part HI outlines briefly the surgical principles deriv- 
ing from the integral theory as described in the two 
previous sections. 

Part IV gives some direct surgical applications of the 
theory, based on parts I-m and also, our previous 
experimental work for treatment of female urinary 
incontinence ( 1 ). Because the ultimate perspective 
of this work is therapeutic, we suggest that it may 
be useful to begin at section IV, and to work back 
at the reader's convenience* 

PE PAPA PETROS AMD U ULMSTEN 

( 1 ) A detailed account of the original theory, its surgical applications, 
and various supporting clinical peperx is available in Acts Send 
0&G.Vd69Supptenirmuro. Nol51 1990. 1-79. For the reader's 
convenience, exact page numbers are gi vtn along wi (h this reference. 
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. ORIGINAL ARTICLE 

PART I: THEORETICAL, MORPHOLOGICAL, RADIOGRAPHICAL 
CORRELATIONS AND CLINICAL PERSPECTIVE 

PE PAPA PETROS DrMedSc MROOG FRACOG and U ULMSTEN MD PhD 

ABSTRACT The Integral Theory on Female Urinary Incontinence states: stress 
symptoms, urge symptoms, and symptoms of defective flow may all derive , for 
different reasons, from laxity In the suburethral vagina or its supporting ligaments. 
This theory proposes that the pre-tcnsioncd anterior vaginal wall transmits specific 
pelvic muscle contractions which open or close the bladder neck and urethra. The 
vagina is tensioned like the membrane of a drum against the ligaments which support 
it from above. In its tensioned state, the vagina can be pulled by the pelvic floor muscles 
to mechanically open or close bladder neck. The tensioned vagina also Indirectly 
supports the nerve terminals at bladder base. Vaginal laxity may predispose to 
premature activation of the micturition reflex. If this reflex cannot be suppressed, then 
the subsequent uninhibited detrusor contraction may cause urinary urge incontinence 
( bladder instability). Therefore, laxity* in the vaginal tissue or its supporting ligaments 
• may, for different reasons cause symptoms of stress incontinence, urge incontinence, 
or of defective opening. 

Based on the evidence presented here and in previous studies (1), a new anatomical 
classification of female urinary incontinence can be made, consisting of six specific 
anatomical defects. Characteristic clinical, morphological and urodynamic changes 
which help to diagnose a particular defect are identified, as is the modifying effect of 
age, hormones, and iatrogenicaily induced scar tissue. Three separate closure 
mechanisms are described, urethral, bladder neck, and a separate voluntary mechanism. 

* excessive tightness of these structures may also cause dysfunction of the opening/closure 
mechanisms in the patient who has been already subjected to surgical interference. 

Key words: Theory; Urinary Incontinence; Connective Tissue; Biomechanics; PeMc Floor; Surgery. 



Review of existing theories of stress incontinence. 
It is a traditional concept in medicine, that dysfunc- 
tion may be due to anatomical defects, and that 
function comes with restoration of anatomy .This has 
led to the identification of various morphological 
defects as causative factors for stress urinary incon- 
tinence (SI). These include the posterior 
ureihrovesical angle (2), inclination of the urethral 
axis (3), (4), length of urethra (5) the relationship of 
ureterovesical junction to the most dependent part of 
bladder (6), flatness of the baseplate (7), and anterior 
and posterior radiological defects of bladder base 
(8), pubourethral ligament (9) (20], paravaginal and 
other fascial defects. (1 1) (12). Due to a wide over 



lappingin the findings of continent and stress incon- 
tinent females, these morphological defects have 
been shown to bear little relationship to the existence 
of SI in a panicular patient (13). 
The most commonly accepted theory today ( 1 3) is 
the intra-abdominal pressure equalization theory, 
( 14). And yet major inconsistencies have been present 
in this theory for e long time, FIG 1 . 
As early as 1954, Bailey (3) described his type 2B 
incontinence whereby the bladder neck was situated 
high above the infa inr Imnler of pubic symphysis, 

with no significant rotation or descent on straining. 

Using simultaneous urethmcystome.rry, Constaminou 
H5) demonstrated that on coughing, the urethral 
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FIG I 

Inadequacy of pressure equalization theory. 

r =* Foley balloon; V = vagina; 1 * resting position: 2 = 

straining position. 

/f intraabdominal pressure equalization theory wefe 
f p £r correct, a midurtthral cough transmission ratio of 
9J*k such as was registered in FIG J would be on 
impossibility, as virtually the whole urethra is situated 
below the pubic bone. 

pressure rise preceded the bladder pressure rise. No 
correlation was found between the position of the 
bladder neck relative to the inferior border of pubic 
symphysis, and urinary incontinence, ( 1 6).Theprin- 
cipal reason why the pressure equalization theory 
still seems to have currency, is that patients with 
stress incontinence are frequently cured by bladder 
neck elevation surgery. However, bladder neck el- 
evation is not a pre-rcquisite for cure of SL Vaginal 
repair (1 7), which docs not elevate the Wackier neck, may 
cure S) in more than TO of cases. Cure of SI f without 
bladder neck elevation) has been demonstrated by correc- 
rion of the 6 specific anatomical defects (1), (p53-79). 
Included in this group were many patients whose bladder 
neck remained below the inferior border of pubic 
symphysis (IX (p57) after cure. 



Historical basis for the theory of detrusor instability. 
The entity presently called "detrusor instability", 
ICS ( 1 8) is not new. It has existed in one form or other 
at least since 1905, being variously called Active 
incontinence*, 'uninhibited *or 'hypertonic' bladder, 
'unstable bladder', Bates (19). An indirect reference 
to this was made already in 1887 by Guyori (20) 
"Cystite Douloureuse". 

The early physiologists related the sensations of 
bladder filling to the afferent nerves running from the 
bladder to the spinal cord and the efferent nerves 
runningfrom the spinal cord to the bladder. Harrington 
(21), Fernsides (22). Fernsides described complete 
and incomplete interferences with the power of hold- 
ing urine both on the effector side and on theaffcrcnt 
side. Included in these wcrelocal interference. It was 
a simple matter, then, to impute the occurrence of 
bladder instability to abnormalities in this circei:. 
During cystometric studies carried out by Rose (23) 
and Parker and Rose (24), characteristic patterns 
were observed, similar to those found with neuro- 
logical lesions. Included in this category were pa- 
tients with senility or "insufficient cerebrum" on the 
efferent side and unspecified "local*" lesions on the 
afferent side. 

Denny-Brown (25) observed the del rusor* s tendency 
to spontaneous all tar none contraction "the process 
of storage of urine and its evacuation occurs there- 
fore in a reservoir of which the distension excites a 
tendency to an automatic discharge". 

Denny-Brown in 1933 measured urethral and blad- 
der pressures simultaneously. He demonstrated that 
in the normal patient the involuntary micturition 
initiatedbybladderfillingcouldbecimrrolled volun- 
tarily. Most authors, however, were unwilling to 
allow possibility of any direct voluntary control over 
smooth muscle though some authors in particular, 
Rehtlsch (26) Adler (27) & Le Gros Clarke (28) 
believed that voluntary control was possible. Mullcr 
(29) suggested that the afferent impulse arose in the 
voluntary external sphincter so that any effort to 
micturate would affect the bladder indirectly. 
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Denny-Brown agreed that a proprioceptive afferent 
stimulus for the reflex e.g. arising from (he muscles 
themselves was difficult to exclude. Voluntary sup- 
pression of the vesical activity was "absolute and 
unequivocal". A reciprocal relationship was noted 
between urethral relaxation and detrusor contrac- 
tion, i.e. the internal sphincter relaxed when the 
bladder contracted. 

Lapides (30) also described the "uninhibited 
neurogenic bladder" in a group uf patients who had 
no evidence of neurological disturbance with symp- 
toms of urgency, frequency and precipitate 
micturition. He attributed such disturbances to in- 
complete development of cerebral integration much 
as occurs in a young child. It was described as 
dyssyncrgic detrusor dysfunction. Hodgldnson (31 > 
psychogenic bladder. Youssef (321 an uninhibited 
bladder by Ingelman-Sundbcrg (33). 

In more than 1 000 cc^bined dne/pre^surc/now stud- 
ies. Bates et al (1 9), it was objectively demonstrated 
that many patients who lost urine on coughing also 
initiated a detrusor contraction, and that coughing 
could stimulate detrusor contraction per se. Of 
patients with recurrent symptoms ot incontinence 
after surgery, more than 2/3 were found to have 
unstable bladders. An unspecified number of pa- 
tients with preoperati very unstable bladders showed 
no improvement In symptoms after repair operation. 
Bates (19) claimed thai thedistinciiou between stress 
and urge incontinence may be difficult or impossible 
on the symptoms and examination alone, i.e. the 
history of leakage on rising from a chair or walking 
may be particularly difficult to interpret when not 
associated with urgency. The purpose therefore of 
objective studies was to isolate that group of patients 
unlikely to respond to surgery who had bladder 
instability. This viewpoint has been reinforced by 
most investigators (34-39). Not all studies indicate 
low surgical success rate with pre-existing deffusor 
instability. A high success rate was demonstrated 
with incontinence surgery in patients with pre-exist- 
ing detrusor instability (40,41). 

Thus most investigators unequivocally accepted that 
bladder instability as diagnosed urodynamically was 



the prime pathogenic disturbance with symptoms 
conelauing at best, less than 50%. (42-47). 

The diagnostic process of filling cystometry was not 
without its critics, however. Some (48) counselled 
caution because at best urodynamics created an arti- 
ficial situation because of the fast fill process. 

The concept of bladder instability was further re- 
fined by the various committees of the International 
Continence Society 1976 (49) The term "detrusor 
instability* was introduced to describe a detrusor 
which wa % objectively demonstrated to contract spon- 
taneously in a phasic pattern on provocation during 
the filling phase while the patient was attempting to 
inhibit micturition. 

There are many problems associated with assess- 
ment of a patient (50), a principal one being that 
symptoms mean different things to different people, 
with wide individual variation. Urodynamics of- 
fered hope for the future as it was a scientific physi- 
ological method which was analytical and therefore 
coultl overcome the "label system" inherent in a 
symptomatic approach (50). In particular biology 
needed mathematical rationalization to become a 
true science (50). In summary, the concept of "de- 
trusor instability" has evolved into a clinical entity, 
endowed with mathematical precision. It is com- 
monplace for all symptoms and signs relevant to 
bladder instability to be compared against the gold 
standard of "detrusor instability", and to be invali- 
dated if there is a conflict with this standard. "Detru- 
sor instability" has. however, never been formally 
tested as a theory. 

According to ( I ) however, urge symptoms;, "ureth ral 
instability", "detrusor instability", and actual urine 
loss may all be mainly different manifestations of a 
prematurely activated micturition reflex. Using a 
urethrocystonietric technique (51), 78% of 1 15 pa- 
tients with a prior history of urge incontinence pre- 
senting with a full bladder and subjected to a 
handwashing test, were noted to experience one or 
both of the following: fall in urethral pressure, and 

followed some seconds later by a rise in detrusor 
pressure, exactly as occurs in normal micturition 
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(52) (53). It was also recently demonstrated (54) by 
direct observation in 77 patients who lost urine with 
a hand-washing provocation test, that if the patient 
reported urge symptoms in association with urine 
loss, the patient's testimony (history of urge inconti- 
nence ) was likely to be more than 95% reliable. 
Using other manifestations of the micturition reflex, 
such as urine loss, or urge .symptoms as the gold 
standard, it was concluded that the urody namic proc- 
ess itself appeared to be defective, not the 
symptomatology. The reason may lie in whaicystometrv 
is attempting to measure, an end point of a complex 
chaotically determined biological process. 

The chaotic nature of biological systems. 
"The entire scientific enterprise represents a search 
for algorithmic compressions of data (55). These are 
often represented by theories or laws". In a physical 
system, they can be determined mathematically. 

Natural systems (this would include such terms as 
detrusor instability), however, cannot be 
algorithmi cally compressed (55), and tend to be 
chaotic, and therefore not given to linear mathemati- 
cal derivation (56). Some familiar examples include 
turbulent fluids, fibrillaling hearts, dripping taps etc. 

Urine retention or loss by the bladder is a complex 
process. Barrington (7.1) described 5 reflexes con 
cerned with the initiation of micturition alone. Since 
then a plethora of initiatory and inhibitory centres 
have been demonstrated in the cerebral cortex, pons, 
medulla, cerebellum, midbrain, basal ganglia and 
hypothalamus, Fenely (57). Added to this must be 
the impact of the urethral, bladder neck and volun- 
tary closure mechanism (1). with all their component 
individual reflexes, the impact again on these by the 
6 anatomical defects (appendix A) the effect of 
multiple hormones, patients* moods and psychologi- 
cal and even mental states (58) etc. According to the 
Chaos Theory, each of the factors described, tin 
matter how small, has the capacity to make an impact 
on the process of urine retention/expulsion, and 
therefore, depending on the interaction of each and 
every componenifaaorwithanother, actually change 
the end result. This explains how, for example in pad 
testing, there is poor repeatability of results in the 



individual patient, but, a better correlation within the 
group. This can be attributed to the greater number of 
symptoms assessed (76a). Similarly, taking the pre- 
mature activation of the micturition reflex as being 
the ultimate cause of both urge symptoms and "de- 
trusor instability' r (54), the diagnostic efficiency of 
urge symptoms is necessarily much higher than a 
one-off reading on a machine, given tliat the latter is 
being compared with the collective memory of the 
patient (76a). 

In summary then, the chaotic nature of the urinary 
control system would appear to preclude precise 
mathematical assessment by a linear system such as 
cystometric testing (76a). Also, if, as appears to be 
so, involuntary urine loss caused by detrusor con- 
traction may be mainly a premature activation ofthe 
micturition reflex, then the necessity for cystometric 
testing for detrusor instability, must also be ques- 
tioned (76a), especially es the patient's history of 
urge incontinence is likely to be accurate (54). 

The present status of the pressure equalization 
and "detrusor instability" theories. 

"Scientific theories are universal statements"(59). 
Using such universal laws, it is possible to give a 
causal explanation, and predict singular events. Ide- 
ally a theory should be simply expressed, consistent 
and falsifiable. Though it is a self obvious assertion 
that a theory which contains an internal contradiction 
is invalid, nevertheless, we frequently work with 
statements, which, though actually false, neverthe- 
less yield results which are adequate for certain 
purposes", Popper (59). Popper proposes two rules 
of methodology: 

1. Scientific statements can never reach a point 
where tbey can be regarded as finally verified. 

2. Once a hypothesis has been proven to some 
degree of validity it should not be allowed to drop 
out without good reason i.e. unless it can be 
replaced by another hypothesis which is "better 
testable" or the falsification of one of the conse- 
quences of the hypothesis. 

The two theories on which much of the present 
science of urogy naecology has been based, the prSS- 
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FIG 2 

Mechanisms of opening mod closure the urethra/bladder neck. 

Tnis represents a sagittal section of the bladder and urethra nestled in the anterior vagina] wall. PUL - pubourcthraj 
hganvem; USL = utcrosacral ligament; PCM = anterior portion of the pubococcygeal* muscle, LP = levator plate LMA . 
longitudinal muscle of the anus. The numbers signify the pairion at which the various anatomical defects occur 
according to the classification. 1: suburethral vagina. 2: supraJevator vagina. 3: pubourerhial ligament 4: uterosacrol 
ligament. 5: collagenous insertion of the pubococcygeus muscle. 6: striated muscle damage 
In the functional sense, stated muscle requires a fixed insertion inw the vagmaAlgamentsfor efficient contraction 
Laa/Y in the system may result in deficient closure fortes btin S generated, xo that ihe bladder neck remains in the 
"open " position . 
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sure equalization theory (14), and tim concept of 
"detrusor instability 1 (18) will be examined in the 
above context . As concerns the pressure equaliza- 
tion theory, (14), operative elevation of the bladder 
neck has been demonstrated to efficiently cure stress 
incontinence, so that many surgeons recommend 
such a procedure as the operation of choice (60). As 
concerns the detrusor instability theory, it has been 
demonstrated that bladder neck elevation surgery is 
associated with a high failure rate (19) (35) (36). so 
that urodynamic testing for this condition is regarded 
as essential for the diagnosis to be made, allowing 
alternative forms of treatment. Thus both the theories 
as described have validity, in that they are being 
effectively used as working hypotheses. It follows 
that it is not sufficient to simply present evidence to 
invalidate an existing theory, eg FIG). Ultimately, 
any challenge to the theory of "detrusor instability " 
(e.g. by the Integral Theory (J), lias to meet the dtrnt 
requirements of not only invalidating the existing 
theories, but also, to be able to "better explain " all 
the various phenomena associated with urinary in- 
continence. 

The new Integral Theory is presented with the spe- 
cific perspective of attempting to " better explain" as 
many observations as possible on urinary inconti- 
nence wiih respect to the theory as stated below. 

The Integral theory of Female Urinary 
Incontinence 

states that: stress symptoms, urge symptoms, and 
symptoms of defective flow may all derive, for differ- 
ent reasons, from laxity in the vagina or its support- 
ing ligaments, a result of altered connective tissue. 

In the following, the Integra] Theory will be pen- 
etrated from different aspects, starting with morpho- 
logic and physiologic considerations. 

ANATOMY AND PHYSIOLOGY 

Involuntary urethral and bladder neck closure 
mechanisms. 

These are separate, but linked by an elastic bridge, 
the "zone of critical elasticity" 
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The voluntary closure mechanism or**cutting-ofT" 
mechanism uses a different group of muscles which 
elevate the bladder neck. AU 3 mechanisms are 
simultaneously demonstrated in FIG 6. 

ROLE OF VAGINA IN BLADDER NECK 
OPENING AND CLOSURE. 
The pensioned vagina regulates opening and closure 
of the bladder neck. 

"Resting closed position". The numbers 1-6, FIG 2 
signify the position at which the various anatomical 
defects occur. The vagina is suspended anteriorly by 
the pubourethral ligament f PUL) ( 1 0). superiorly by 
the arcus tendinaeus fasciae pelvis. (61), an J 
posteriorly by the uterosacral ligament (USL) (1). 
The vagina istensioned like the membrane of a drum 
against its suspensory ligaments, by slow twitch 
muscle contractions of pubococcygeus muscle (PCM) 
anteriorly, levator plaic (LP) posteriorly, and the 
longitudinal muscle of the anus (LMA) inferiorly. At 
the same time, the stretched vagina 'supports* the 
nerve endings (N) at the bladder base preventing 
premature activation of the micturition reflex, or 
"bladder instability"*. 

* "bladder instability" is aot actually defined by the ICS 
( 18), but by convention it consists of an involuntary lo» 
of urine in association with a detrusor contraction. 

"Active closed". Fast twitch contraction forward of 
(PCM) pulls the two ends of the ascending vagina 
(FIG 2) tightly around the urethra, closing it off and 
immobilizing it while (LP) and (LMA) pull the 
bladder clown and back like an elastic balloon, kinking 
off and closing off the urethra like a hose. For these 
opposite muscle movements to occur there needs to 
be sufficient elasticity in the bladder neck area, zee, 
FIG 3. 

"Open position". As part of the micturiuon reflex, 
(PCM) relaxes. This allows (LP) and (LMA) to 
uninhibitedly pull at (X), opening the bladder base, 
creating a "funnel", enlarging the urethral outlet (3) 
(P2 1). At the same time, this stretching stimulates the 
nerve endings (N), activating and reinforcing the 

micturition reflex, which is further re-enforced by 
the presence of urine in die proximal urethra (21) 
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FIG 3 

Urethral and bladder neck closure mechanisms. 

U = urethral closure mechanism; BN= bladder neck closure mechanism; zee = zone of critical elasticity; 

zusl = zone of critical elasticity during straining/micturition; Fl= anterior force PCM - pubococcygeus muscle; F2 = 

posiero-inferior force; LP -levator plate; LMA « longitutEnal muscle of the anus. The urethral < U) and bladder neck 

<BN) closure mechanisms, FIG 3. an separate and require adequate elasticity tn the intervening tissues to operate 

efficiently. 

In afunctional sense, such elasticity must be present in zee, the "zone of critical elasticity This zone acts "like an 
accordion permitting "V and "BN" to perform their closure functions independently. There are two independent 
and opposite forces acting on the vagina. Fl and FZ FJ acts in the front part of vagina, and closes the urethra; F2 acts 
in the posterior part of vagina and closes the bladder neck. It opens bladder neck when Fl relaxes. During opening and 
closure, zee elongates to zee I- Fl is the weaker force and is created by forward movement of the pubococcygeus 
muscle. F2 is the stronger force, and is created by the vector* of levator plate (LP* and longitudinal muscle of the anus 
ilMAl If zee is too tight, F2 opposes FJ. so that the bladder neck now opens on being given the signal to close. 

♦ strictly speaking, the " zone of critical elasticity extends from the insertion of the pubo-uieihril lijurocn:. to the vesico- vaginal ligament 
CIKpft). 
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RADIOLOGICAL PROOF OF THE OPENING 
AND CLOSURE MECHANISMS, 
as suggested in FIGS 2 &. 3. 




Fig 4a. 

Resting closed position 

R « rectum; V = vagina; LP = levator plate, with arrow 
pointing to Hs superior border, AS ~ anterior bladder 
shelf; PS « posterior bladder shelf. 
This Is a vidr.ocysrourethrography of a 50 year old 
continent woman in the resting position. The bladder 
neck is situated well below the horizontal line which 
intersects the ano-rectal junction. The levator plate 
[arrow) lies almost parallel to the floor. Ihe anterior 
bladder shelf AS (9), at the bladder base is well defined. 
The posterior bladder shetfPS (9). is visible as the 
posterior wall oj bladder angulates forward* to join the 
urethra. 




FtG4b, 
On straining 

The anterior shelf docs not alter, consistent with u ' 
tensioning effect (I) (p2l), by the pubovesical ligament. 
The bladder base has been pulled downwards, and the 
posterior shelf flattened. The vagina, rectum, anorectal 
junction, and anterior pan of levator plate (arron) have 
been synchronously pulled downwards, consistent with a 
neuromuscular co-ordinated reflex (J) (p2l). 



FJC4c 

RMG and urodynamic 
correlations 

U = urethral pressure; B = 
bladder pressure: s = straining; 
c = 'cm -off 

The bladder pressures recorded 
during straining, FIC 4b and 
• cutting -ofT. FIC 4e. were 
equivalent. 

Note that the levator plate and 
pelvic organs are elevated 
during "cuiting-ofT t FIG 4c). 
but depressed during straining 
(FIG 4b). This makes the 
commonly held viewpoint that 
intra-abdominal pressure 
causes downward displacement 
of the pelvic organs 
unsustainable. 




FlG4d 

At micturition 

All the structures are in virtually identical positions as in / 

straining (FIG 4b) as predicted (J): the almost identical « I 

descent and angulation of the superior border of the j 

levator plate (arrow); descent of anorectal junction* 4 t 

bladder base, and vagina, (I) (pl9). The anterior t 

bladder shelf (AS) appears to be anchored, and of the 4 \ 

same shape as in FIG 4b: "during bladder neck opening, \ 

exactly the same events take place as in bladdtr neck 4 r 

closure, except that the anterior portion of ; 

pubococcygtus muscle reflexly relaxes, enabling the ; 

levator plan to open proximal urethra, and to stimulate * \ 
the nerve endings at bladder base, initiating the 

micturition reflex; il) {pi))" and, "the active opening of 1 

bladder neck into a funnel by traction of the pelvic floor 

muscles on the vagina is an essential element for the ( 

expulsion of urine. "il)(p2!y 
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FIG 4c 

Voluntary closure mechanism ("cutting-ofl") 
At "cutting off* in mid-stream (1) (plO), an acute angle 
returns to the posterior shelf of bladder base, the ano- 
rectal junction and superior border of levator ani muscle 
(arrow) are elevated well above the horizontal line. The 
vagina and bladder neck appear 10 have been lifted 
upwards and forwards, clearly different movements from 
straining (FIG 4b). Pressure generation is. however, 
equivalent (FIG 4c) . 




FIGS 

Postero/inferior stretching of vagina during urination 
A standing lateral x-ray of an asymptomatic patient in 
the "resting closed" position is superimposed on a 
micturition film. Three vascular clips have been applied 
to the vagina, from below upwards to: rnidurethra; area, 
bladder neck area, and 3-4 cm posterior to the Madder 
neck area, Dotted lines indicate the position of the 
anterior vaginal wall. R rectum in the resting position, 
and Rl in the straining position. The black line joins the 
inferior border of pubic symphysis lo the lower end of 



the coccyx. 

The upper clip . 3 -4 cm posterior to the bladder neck 
(equivalent to point "X" in FIG 2), is stretched 
backwards. The vagina in the area of urethra and bladder 
neck is stretclied backwards and downwards, 
synchronously with the rectum. The angulated shape of 
the anterior wall of vagina has been flattened out, 
("funnelling"). That segment of vagina between the 
lower and tppcr clip corresponds approximately to "zee" 
(F1G3) in the resting position and **2ccl ** in the position 
of micturition. 




FIG 6 

Differential stretching of vagina during straining and 
"curtlng-off^nCk 

This figure represents three superimposed standing 
latera: x-rays of a normal patient. The vagina, dotted 
lines, is shown in the "cut=ofr (C), "resting closed" £R;, 
and straining (S) positions. Vascular clips have been 
applied to the vagina in the rnidurethral and bladder neck 
areas. Radio-opaque dye delineates the Foley catheter 
balloon. During "cut-ofT (C). the vagina and bladder 
neck are simply lifted upwards and forwards of the 
resting closed positior. (R). During draining" (S), the 
upper part of vagina appears lo have been stretched 
longitudinally backwards, and pulled downwards in the 
bladder neck section, (upper clip). The mid urethral area 
of vagina, however (lower clip), is pulled downwards 
and forward;. The tube of the Foley catheter has also 
been pulled forwards in this area. 
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FSG7a 

High elasticity in vagina and PUL. 
This figure represents two superimposed standing lateral 
x-rays of a young norraul patient; ; D - Foley balloon 
positioned in bladder, V «= vagina wall; 1 = resting closed 
position; 2 = active closed position (straining): arrows 
indicate ibe transverse sulcus of vagina in the bladder 
neck area. A = the presumed position of the pubo- 
ureihral ligament's insertion into vagina. 
The whole vagina moves backwards and is angulaxtd 
downwards, as is A, indicating significant elasticity in 
the PUL Fulcrum point "A ** is situated well below the 
trunsverse sulcus of vagina, (arrows), and there/ore, 
bladder neck. This indicates that the correct tethering 
point of urethra during involuntary closure is well below 
the bladder neck. Surgical restoration should likewise be 
in this position. Comparison with FIG 5 (micturition) 
graphically indicates the anatomical reason why urinary 
retention almost invariably occurs post-operativcly in 
patients following surgical elevation of the bladder neck 
The middle and upper clips in FIGS would be prevented 
from funnelling". "Viscthelasiic creep" over the 
ensuing days/weeks rescues the Situation. This gradually 
loosens the tissues in the bladder neck ana, permitting 
muscular opening of the outflow channel, as in FIG 5. 




Inelasticity of vagina and the pubourethral liga- 
ment 

This figure represents two superimposed standing lateral 
x-rays of a 60 year old patient with stress and urge 
incontinence ; B « Foley balloon positioned in bladder, 
V » vagina wall, 1 = rcsung closed position; 2 = active 
closed position (straining); arrows indicate the transverse 
sulcus of vagina in the bladder neck area. A - the 
presumed position of the pubo-urethral ligament's 
insertion into vagina. There is very little extension 
downwards at point A , bladder neck and vagina, 
indicating poor tissue elasticity. The transverse sulcus 
(arrows) is very close to point A indicating minimal 
posterior extension of FUL Therefore the margin 
between urethral fixation and over extension of vaginal 
tissue in the bladder neck area (zee) would be very small 
indeed. Such a patient is at risk of developing the 
w tethered vagina syndrome" with a bladder neck 
elevation procedure (I,, as there is not the same 
possibility as in FIG 7a for restoration of elasticity 
through "visco elastic creep" (cf part II). 
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FIG 8 

Urethral closure mechanism. 

Thit figure represent* a cross-section taken through ihe 
mtriurethra. V s vagina; I P = insertion points of 
PUSM; CU = cresta urethralis; arrows = vector forces. 

CLOSURE MECHANISMS. 

Urethral Closure Mechanisms 

Contraction of the anterior pubococcygeus muscle 
(PCM) closes the urethra. Contraction of the 
periurethral striated muscle (PUSM) provides a 
water-tight teal in the presence of a trnnhir 
mucosa. 

Anatomically, the urethra lies suspended in a M ham- 
mock"(l), (62), (63}, (64) of vaginal epithelium as 
indicated in FIGS 8, 17. Contraction of the anterior 
portion of pubococcygeus muscle (PCM), FIG 8. 
pulls the cresta urethralis (CU) towards the 
periurethral striated muscle (PUSM) by tensioning 
the vagina (V). at the same time anchoring the 
insertion (IP) of the periurethral striated muscle 
(PUSM). 

Most of the work for closure is performed by the 
anterior portion of the pubococcygeus (PCM). The 
PUSM merely creates a water-tight seal by its action 
on tropluc urethral mucosa. The slow twitch fibres of 
the (PUSM) contribute to resting urethral pressure. 
The (PUSM), at least in a functional sense, appears 
to have a fast-twitch action, as noted by needle EMG 
studies (62). Our data indicates (1) (33-35), FIG 10, 
that it is mainly this fast twitch contraction of the 
(PUSM) which is recorded by the pressure transduc- 
ers during the cough transmission ratio (CTR) 
determinations. Defects 1-3, FIG 2 may affect the 



urethral mechanism and cause incontinence of urine. 
The urethral closure mechanism may maintain clo- 
sure even in the presence of an incompetent bladder 
neck. Entry of urine into the proximal urethra has 
been observed on VCU without accompanying in 
continence (65). 
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Bladder neck closure mechanism 
PCMA - anterior portion of the pubococcygeus muscle; 
P1J1. = pubouretnrat ligament; PCMP = posterior portion 
of pubococcygeus muscle; IC = ilio/Ischio - coccygeus 
muscle C = connective tissue joining the levator plate to 
the posterior wall of rectum, R; V - the vagina; RVS - 
rectovaginal sepiuui; VVS = vesicovaginal septum : 
LMA = longitudinal muscle of the anus; F.AS = external 
anal sphincter; USL = uterosacra) ligament; UT = uterus; 
V =r urethra; A - insertion point of PUL; B = insertion 
point of USL. 

The essential principle of this mechanism is tftat the 
horizontal striated muscles of the pelvic floor contract, 
so becoming semt-rigid. These are then pulled 
downwards in their mid-section by contraction of the 
longitudinal muscle of the anus (LMA). 

Bladder Neck Closure Mechanisms 

This downward action indirectly pulls down the 
bladder base, "kinking" it like a hose at the internal 
orifice of the immobilized urethra. The urethra is 
immobilized by forward contraction of the anterior por- 
tion of the pubococcygeus muscle, PCM (A). This pulls 

against the pubourethral bgamem (PUL). which acts as a 
fulcrum. The levaiorplate cornprisesu^epostcriOTportion 
of pubococcygeus muscle (PCMP) and llto/ 
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ischio-coccygeus muscle (JC). It contracts and pulls 
the bladder base backwards against the (PUL) by 
pulling on rectum and vagina. This movement re- 
quires a coordinated involuntary tensioning or (he 
fibrornuscular septa and the smooth muscle of the 
organs themselves (1 )» (p2 1), so that they all move in 
concert, FIG 12b. The now semi-rigid levator pi ate is 
tilted downwards, like a trapdoor, FIG 4b, by the 
longitudinal muscle of the anus (LMA). 

The 1 MA extends from the level of the levator fascia 
above to the perianal skin below. It draws fibres from 
the pubococcygeal pubo-rectalis. and ilio-coccygeus 
muscles, (66), surrounds the rectum, and is inserted 
into the externa) anal sphincter (EAS), itp ). Postero- 
lateral^ there exists a tire urn-anal space (66) which 
separates this muscle from the rectum. This presum- 
ably allows the LMA to pull down the levator plate 
without in any way compromising the rectal wall. 
The EAS must be pre-tensioned for efficient func- 
tioning of this mechanism. Relaxation or immobili- 
zation of PCM QA) for whatever reason, will push the 
system into the "bladder neck open" mode, creating 
a funnel, FIG 5. At the same time, intact cardinal 
ligaments, utero sacral ligaments, and rectovaginal 
septum are necessary for transmission of the (LMA) 
con traction to rectum, vagina and bladder. Defects 2- 
6. FIG 2 may affect the bladder neck closure mecha- 
nism and cause incontinence of urine. 

Voluntary Closure Mechanisms. 

Whereas the urethral and bladder neck closure 
mechanisms are interdependent and involuntary, the 
voluntary clusure mechanism, FIGS 6 & 4e, can be 
radiologically andultrasonically demonstrated to be 
quite different and under voluntary control. It results 
in elevation of the bladder base, rather than descent, 
and is thought to be mediated either by the lateral 
group of pubococcygeus muscles, or by the 
puborectalis, (1) (plO). In the normal patient, the 
desire to micturate is also controlled by the voluntary 
closure nice! lani sm, which may counteract the stretch- 
ing of nerve endings at bladder base by voluntary 
elevation of the pelvic floor, (1) (pl0.29), FJG 4e. 
This mechanism also has the capacity to inhibit or 
reverse the micturition reflex, "VCT FJG 13. 



PATHOPHYSIOLOGY 

Anatomical classification of female urinary in- 
continence according to laxity. 
. The number preceding the defect corresponds to the 
number in HG2. Specific clinical symptoms associ- 
ated with each particular defect are summarized in 
Appendix A. Depending on the site of the laxity, and 
the "sensitivity" of the nerve endings* the patient 
could experience stress incontinence, urge inconti- 
nence, defective bladder neck opening^ or various 
combination? of all three. 

( 1 ) Suburethral vaginal (''hammock'*) defect. ' 

(2) Excessivetighiness/scarringinthebladdcrneck 
zone. 

(3) Loose pubourethral ligaments. 

(4) Loose uterosacral ligaments/lax supralevaior 
vagina. 

(5) Damaged collagenous insertion of 
pubococcygeus muscle into vagina. 

(6) Striated muscle damage 

a) Trauma to external anal sphincter 

b) Levator plate - torn muscle insertion to 

pubic bone. 

- lax collagenous insertions. 

- paralysis. 

* (Jivcn the common aetiology, defective opening should 
be considered as part of the tame spectrum of urinary 
dysfunction. 

In the context of this anatomical classification, the 
present ICS f 1 b*) classifications of "detrusor instabil- 
ity"* '^urethral instability", "genuine stress inconti- 
nence" etc. arc considcredtodescribe observed events. 

How symptoms relate to the classification. 
In general, defects in the front pan of the vagina are 
more likely to be responsible for SI, while defects in 
the back part of the vagina are more likely to be 
responsible for symptoms of defective opening. 
Appendix A. Symptoms of frequency, uigexicy, and 
nocturia may occur equivalent)}* with either. Diag- 
nosing anatomical defects 1-6 in a particular patient 
does not mean that she will necessarily have symp- 
toms of incontinence. Orher factors are also impor- 
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tant, such as the urethral pressure, which has vascular 
and smooth muscle components, and the ability of 
the various compensatory mechanisms, in particular 
the involuntary, and voluntary mechanisms. FIGS 4- 
6. The latter may he learnt, and include elevation of 
the pelvic floor by voluntary contraction, (pelvic 
floor exercise X and the inhibitory mechanisms of the 
brain (bladder training exercises). 

Defect 1- Suburethral vaginal defect - excessive 
looseness. 

The symptom of "dampness throughout the day" is 
often due to a defective urethral closure mechanism. 

Pathogenesis and clinical diagnosis There is ob- 
servable laxity in the suburethral vaginal mucosa. 
Loss of urine in the supine position on coughing may 
be controlled by the "pinch test" (1) (p33-35), i.e. 
taking a small fold of vagina paraurethraUy with 
Littlewcod* s forceps, and asking the patient to cough. 
Urine loss controlled by this test demonstrates the 
importance of an adequately tight suburethral vagina 
for urethral closure. Many paucnts were able to pass 
urine during this "pinching'Xl ) PP 33-35), indicating 
that the mechanism as described in FIG 8 was the 
operative mechanism, not urethral obstruction. In the 
presence of an intact PUL, there may be a low 
transmission rauo (CTR). If the pubourethral liga- 
ment fulcrum point, PUL, FIG % is intact,PCM pulls 
against it as it would in the normal patient Therefore 
any laxity in the suburethral vagina means that the 
insertion points IP, FIG 8, cannot be anchored. The 
(PUSM) cannot contract efficiently, resulting in de- 
ficient urethral closure, and low cough transmission 
ratio (CTR). If the PUL fulcrum point is lax, then 
PCM and LP can no longer contract.independently 
against it, and therefore LP may overpower PCM due 
to the fact that the vagina stretches first in the 
longitudinal axis, FIGS 1 7, 17a. The result is that the 
insertion points, IP, are tensioned, PUSM now con- 
tracts efficiently, and so the CTR may register 1 00%, 
even though there is no urethral closure. This is 
explained further in the biomechanics section. 




FIG 10 

Effect of periurethral oedema on cough transmission 
ratio. 

u= urethra) pressure; b = bladder pressure; O = pre- 
injecUon readings; LA = pressure readings after para and 
suburethral injection of a diluted local anacMlietic 
solution. 

This is a urahrocysiometric tracing taken from a pntip.ni 
with SI. As seen in the figure, C7K increased from 60% 
to 100% after paraurethral local anaesthetic injection. 
According to what is said above, this may be explained 
by the oedema immobilizing the insertion points IF of the 
(PUSM)U). The results are consistent with the concept 
of restoring efficient contraction, and increased urtihral 
pressure derived from the periurethral striated muscle. 

The symptom of "dampness throughout the day** is 
often due to a defective urethral closure mechanism 
as described above, often combined with a defective 
mucosal seal due to an atrophic urethral mucosa and 
deficient vascularity causing a low maximal urethral 
pressure. Improvement in symptoms with oestrogen 
therapy can be attributed to improvement in the 
mucosal seal. Often such leakage can be improved 
by inserting 3 vaginal tampon. Low urethral pressure 
and low vaginal elasticity is diagnosed by the "slow 
leak speculum sign" (1) (p66): as the examining 
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Sim's speculum is pushed gently but firmly into the 
posterior fornix of vagina, a slow steady leakage of 
urine is observed, relieved by taking out the speculum. 
Often the leakage begins even as the speculum enters 
the vagina. Indeed, in extreme cases, such urine loss 
may even be elicited by simply stretching the 
suburethral vaginal mucosa. Most likely, this phe- 
nomenon is due to low urethral pressure associated 
with deficiency or hampering of the forward urethral 
closure force, Fl , FIG 3. 

Defect 2- Excessive tightness/scarring in theblad- 
der neck zone: 

We have described this as the "tethered vagina syn- 
drome- (1) (p63). 




FIG Uo 

TeUieml vagina syndrome . preoperative. 

A preoperative straining x-ray has been superimposed on 
a resting radiograph in a patient *ith urinary 
incontinence due to the "tethered vagina syndrome" in 
the presence of a net deficit of tissue elasticity in the 
anterior vaginal wail There is virtually no movement on 
straining: This condition is invariably iatrogenic. 

Scarring or less of elasticity in the */.one of critical 
elasticity* (zee), of the vagina due to previous vagi- 
nal repair or bladder neck elevation surgery , may 
"tether** the pubococcygeus muscle (PCM) to the 
levator plate (LP), FIG 3. The zee in effect, acts as 
an inelastic connecting rod, so that F2 overpowers 
Fl . The bladder neck opens when given the signal to 
close. 

Pathogenesis and clinical diagnosis. The "tethered 
vagina syndrome" is often associated with a low 
urethral pressure (1) (p64). Almost invariably, the 



patient wets prior to arrival at the toilet in the morn- 
ing. In the worst cases, weiring begins just on getting 
out of bed. "Cutting off* is impossible. There maybe 
no significant stress incontinence (!) (p64). Many 
patients complain of leakage on bending over, hut 
without any stress incontinence on coughing, a 
"paradoxical leakage**, as the pressure generated on 
bending over is far lower than on coughi ng ( 1 ) (p65). 
ZCE, FIG 3, is inelastic. F2 represents the powerful 
contraction of pelvic floor needed to contain the 
intra-abdominal organs; ¥2 easily neutralises Fl, 
and so the bladder neck opens instead of closing. On 
examination, the vagina is usually very tight in the 
region of the bladder neck. There i s no -swing** of the 
urcthrovcsical junction (UVJ) on straining. Insertion 
of a ring pessary may worsen the incontinence. 
Grasping the vagina with Littlewood's forceps just 
behind the urethro vesical junction and pushing back- 
wards may sometimes induce urine loss on coughing 
where mis symptom did not previously exist. In 
patients with associated low urethral pressure, the 
"slow leak speculum sign" ( 1 ) (p66) is often found to 
be positive. All these tests are based on stretching 
residual elasticity out of zee, FIG 3. so that Fl is 
prevented from closing the urethra. 




FfGJJb 

Tethered vagina syndrome- postoperative. 

The same patient as in FIG Jia following restoration of 
vaginal elasticity and cure by a free graft in the bladder 
neck area of vagina. 

Surgical restoration of elasticity by I-plasty or free 
vaginal graft to the bladder neck area of anterior 
vaginal wall t 1 ) (68) have, in our hands, frequently 
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induced norma] excursion downwards of bladder 
neck (luring straining and restored continence (FIG 
Ub). Such surgical procedures as plastic surgery 
using full thickness grafts require uneventful heal- 
ing. Rejection of the graft usually leads to further 
scarring and possible worsening of symptoms. 
Forward tethering. If the bladder neck is too tightly 
anchored anteriorly to the pubic symphysis during 
bladder neck elevation or sling procedures, creation 
of a funneU FIG5) byF2 may not be possible, leading 
to difficulty in bladder emptying and high postopera- 
tive residua) urine. Some of these patients never 
urinate properly again. 

Defect 3 - Pubourethral ligament defect* 

This may be the most serious defect. The important 
fulcrum function is lost, so that both urethral and 
bladder neck closure mechanisms may be inactivated. 




FtC 12a 

Pubourethral ligament (PUL) defect - resting closed 
position. 

This is a standing lateral x-ray of a patient with stress 
incontinence; PS = pubic symphysis; structures outlined 
wiih radio opaque dye: B = bladder; V = vagina; R = 
recium; LP = levator plate. 



Theory. Morphnlnzy 19 




Ftonh 

Pubourethral ligament (PUL) defect - straining 
position. 



Pathogenesis and clinical diagnosis. The bladder, 
vagina and rectum are all in the correct anatomical 
position at rest FIG 12a, but fall backward* on 
straining, FIG 1 2b, prolapsing synchronously below 
theinferior border of pubic symphysis . Active down- 
ward angulation of levator plate appears to have 
caused these events. Laxity of the pubourethral 
ligameni (PUL; may be congenital, occur due to 
advanced age (collagen loss), or childbirth ( 1 ), p 1 2). 
Such a defect may be suspected if the patient has 
difficulty in opening the last part of her bowels or if 
there is also some faecal soiling, (unpublished obser- 
vations). Our Intra vaginal Sling operation j unformed 
forurinary incontinence, cured, quite by accident, 30 
patients with faecal incontinence. Also more than 
half of our patients with urinary incontinence who 
also complained of difficulty in "opening the last pan 
of their bowels", were cured by this operation. Crea- 
tion of an artificial pubourethral ligament (1), (p43- 
51) or collagenous re-insertion O're-gluing" ) of 
vagina to the pubococcygeus muscle appeared to be 
the relevant factor in the cure of both symptoms. 

In very old patients, there may be no urge or stress 
urinary symptoms as such, (3) (p53). The patients 
may present with -dropping their urine on the floor" 
on getting up from a chair. With a deficient PUL, 
there is no fulcrum for Fl to pull against, so that F2 
overpowers Fl , FIG 2. The bladder neck opens on 
being given the signal to close. 
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The IVS procedure cured 20/26 very old 
patients(mean age 8 1 yean) with principally urinary 
urge incontinence (unpublished observations) .Some 
of these patients presented simply with "dropping 
their urine on the floor" , and without symptoms of 
urine loss on coughing. In many of these patients* 
tightening of the suburethral vagina was not per- 
formed, indicating that deficiency of the pubourethral 
liganxnt/collagenous insertion of vagina to muscle 
was probably tlie prime defecL 

Urethroscopically, on positioning the urethroscope 
just distal to the closed internal urethral meatus* 
opening occurs on asking the patient to strain (1 ) (p 
11). A simple classical test for pubourethral defect is 
theBonney test. Unilaterally applied, il is impossible 
to obstruct the urethra. The Bonney test works by 
anchoring the urethra, much in the same way as the 
pubourethral ligament does (1) (p34). 

Defect 4 - Loose uterosacral ligaments/lax 
suprakvator vagina: 

This is due to laxiry in the posterior fornix of vagina. 
The patient may have symptoms of urinary inconti- 
nence, defective emptying, pelvic pain, and high 
residual urine. 

Pathogenesis and clinical diagnosis. It is likely that 
overdistension of the posterior fornix during labour, 
and transverse suturing of the vault without attention 
to its ligamentous supports during hysterectomy are 
important aetiological factors (I) (p71), though we 
have seen it less frequently as a congenital defect, 
becoming symptomatic after menarche. Laxiry of 
the supralevator vagina may not allow adequate 
tensioning of the vagina below the bladder neck 
nerve endings. FIG 2, resulting in symptoms of 
frequency, urgency nocturia. F2 is diminished. Pres- 
sure transmission ratio at the Valsalva test may be 
positive instead of negative, as would normally be 
expected in a patient with urinary incontinence (cf 
also FIG 22 Biomechanics section). 

The patient may have symptoms of defective empty- 
ing, pelvic pain, (cf Appendix AX findings of high 
residua) urine, and varices noted laparoscopically al 
the site of the uterosacral ligaments (69). On exami- 
nation there may be a bulge between the uterosacral 



ligaments, or presence of an early cnterocoele. It is 
possible to perform a posterior fornix "pinch test*' (1 ) 
(p34) by approximating the two lateral comers of the 
posterior vaginal fornix in the midline. Insertion of a 
ring pessary may similarly tighten the posterior fornix 
and bring a dramatic improvement in symptoms. As 
such it is a useful diagnostic test 

Defect 5 - Loose collagenous insertion between 
vagina and pubococcygeus muscle (]) (p58). 
This is also a serious defect with symptoms similar ui 
those found in a pubo-urcthral ligament defer.] 
Pathogenesis and clinical diagnosis. The vagina is 
inserted C 4 glued") to the undersurface of 
pubococcygeus muscle by collagenous connective 
tissue. An overstretched collagenous insertion point 
between pubococcygeus muscle and vagina, defect 
no. 5, FIG Z may alter the bladder neck closure 
mechanism, as the muscle belly of PCM cannot 
properly be tensioned against the PUL fulcrum. It 
may also inactivate the urethral closure mechanism. 

Defects- may correspond to Bailey's type2B defect 
(3) or"inferior support" defect (3), or toRichardson's 
paravaginal fascial defect (11) (12). Clinically, the 
presentation is similar to that for PUL defect. We 
diagnose it by inference* in patients whose bladder 
neck is radiologically in the correct anatomical posi- 
tion at rest and on straining, together with a loose 
suburethral vagina on clinical examination, in the 
presence of high cough transmission ratio. We have 
noted that many very old patients present for the first 
time with symptoms similar to those reported in the 
section on pubourethral defect, "dropping urine on 
the floor", faecal incontinence, etc. Radiologically, 
the bladder neck is in the correct anatomical position 
at rest and on straining. Differential diagnosis from 
(PUL) defect may not be easy if the bladder neck is 
situated below the inferior border of the pubic 
symphysis at rest. 

* differentiation from ■ PUL defect is of Academic intei esl only, 
as Uus anatomic*! defcu b autuita dually restored by ihs 
Urtravifcin*] Sling Operiiion.part IV, which ~rcgluw" the vagina 
CO the pubococcygeal muscle, ( 1 ) (p 58). 

Defect 6 - Striated Muscle Damage* 

A tom external anal sphincter is a rare, but correctable 



ScandJ Urvi Nrphro! SuppL No. 153 



Theory. Morphoiagr 



2J 



defect Paralysis to the muscle floor is not consid- 
ered to be a primary actio logical factor in female 
urinary incontinence, but rather, a qualharive con- 
tributory factor. 

Pathogenesis and clinical diagnosis. Swash in his 
unifying theory, attributes urinary and faecal incon- 
tinence to muscle paralysis (70). However, not all 
patients with pelvic floor paralysis were found to 
have urinary or faecal incontinence, and vice versa 
(70). The frequent finding of muscle paralysis in 
incontinent patients is explained according to (1), a 
connective tissue theory, as follows: the foetal head 
may damage the motor endplate of the pelvic floor, 
the vaginal connective tissue, or both. The pelvic 
floor muscles are an important support of urethra 
(10). Paralysis causes loss of muscle tone (71), so 
that a prolapsed position of bladder neck and other 
organs at rest may be caused by a partially paralysed 
pelvic floor. Many patients whose bladder neck lies 
below the inferior border of pubic symphysis have 
been cured by the intravaginal slingplasiy procedure 
without bladder neck elevation (1) (p57). Accord- 
ingly we consider that muscle paralysis is not the 
prime cause of urinary incontinence, but it may 
induce mechanical inefficiency due to alteration of 
the angles of force applied at the pubourethral liga- 
ment (1) (pi 3). 

Damaged muscle/insertion of muscle. Incontinence 
due to a torn external anal sphincter has been re- 
ported, (1) (p75). It is possible for a torn 
pubococcygeus to cause urinary incontinence (3), 
but it would be rare with modern obstetrics. A 
prolapsed levator plate may also be due , at least 
theoretically, to suxichingof the insertions of levator 
plate to the side walls of the pelvis. 
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THE FUNCTIONAL RELATIONSHIP OF 
URETHRAL AND BLADDER SMOOTH 
MUSCLE TO PELVIC FLOOR ANATOMY 
The contribution of bladder and urethral smooth 
muscle contraction to bladder neck opening and 
closure is adjunctive to thai of striated muscle, and 
is a direct function of the smooth muscle fibres 
pulling on their insertion points. Thtse insertion 
points vary in position according to laxity in the 
vaginaanditssupportingligcunenis.andasfowhtther 
or not the various striated muscles of the pelvic floor 
are relaxed or contracted. 

Impact of the anatomical insertions of bladder and 
urethra on opening and closure. The urethra and 
bladder smooth muscle function as a unit {9). The 
smooth muscle contracts against its insertion points: 
the fibrous tissue connecting the lower 2/3 of urethra 
to anterior wall of vagina, pubourethral ligament and 
arcus tendineus fasciae pelvis laterally, pubovesical 
ligament anteriorly, and vcsico-vaginal ligament 
inferiorly (1) (pi 9-23). It is obvious on simple ex- 
amination of FIGS 5, 6 t and 7a, that the position of 
these insertion points is not static.lt varies according 
to the elasticity of the tissues, laxity in the vagina or 
its supporting ligaments, and how efficiently the 
forces Fl, F2, FIG 3 are applied. 

Opening function. 

The superficial trigone extends from bladder base to 
the external urethral meatus (62). During bladder 
neck opening, it is stretched backwards by the back- 
ward extension of vagina, FIGS 5 t 7a. This renders 
the longitudinal smooth muscle of bladder and ure- 
thra semi-rigid, so thai it can be actively opened out 
like a trapdoor, "funnelling", FIG 5, sharply drop- 
ping the urethral resistance. Tension of the 
pubovesical ligament ("anterior shelf \ FIG 4d, pre- 
vents the anterior bladder wall from collapsing in- 
wards with the contraction. It also actively holds 
open the anterior wall of urethra. 

Closure function. Again/the superficial trigone 
contracts, and becomes semi-rigid. This elimination 

of slackness allows the cresta urelhralis to be pulled 

upwards by forward contraction of PCM, FIGS 6. 8. 
Closing off the urethra. The now firm posterior ure- 



thral wall creates a firm cut-off point ("posterior 
shelf). FIG 4e, for closure of bladder neck by the 
downward force F2. FIG 3.Tension of the pubovesical 
ligament is also important for the "kinking" mecha- 
nism of bladder neck closure. It ensures that the 
anterior urethral wall remains semi-rigid. 

We hypothesize that the contribution of bladder and 
urethral smooth muscle to closure function is adjunc- 
tive to the previously described closure mechanisms, 
rather than primary (7). Laxity in the vagina or its 
supporting ligaments may not allow the semi -circular 
smooth muscle sphincters (7) to function efficiently. 

The basis for physiological and unphysiological 
bladder contraction. 

In this section, many of the conclusions reached by 
artificially distending the bladder using filling 
cystometry are questioned on the basis that the 
bladder may be distended beyond the physiological 
limit of the patient s continence system, giving rise to 
the possibility of false results. When the patient 
presents for testing with a comfortably full bladder, 
a more physiological provocation may be induced by 
a hand-washing test. The results from such testing 
confirm thai bladder instability is mainly a prema- 
ture activarion of the micturition reflex, (54) as 
predicted (J). 

We present the following explanation for die ob- 
served phenomena. Stretching of smooth muscle 
causes memhrane depolarization (71). Bladder 
smooth muscles have characteristics which predis- 
pose to tonic contraction and urine loss, including 
unstable al)-or-none action potentials, low-resist- 
ance pathways between cells and modification by 
excitatory or inhibitory nerves (72). From the fore- 
going it follows that bladder smooth muscle con- 
tracts tonically, whether stimulated directly, or by 
activation of the micturition reflex. It is known that 
the detrusor pressure registered on cytometry dur- 
ing urine flow (73) is proportional to the urethral 
resistance. If there is no resistance present, there will 
be no detrusor pressure recorded, as all the energy 
from the detrusor contraction is converted to flow. 
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Wc hypothesize: 

1) The filling process causes ihe detrusor to con- 
tract tonically, i.e., it "spasms". This occurs by 
direct srirnularion of smooth muscle, by prema- 
ture activation of the micturition reflex, or both. 

2) Measurement of this contraction depends on 
activation of the urethra] closure mechanisms.i.e,, 
if there is no urethral resistance whatsoever, then 
a detrusor pressure of Ocm H20 will be regis- 
tered. 

3) Low compliance observed duringfilling reflects 
the gradual reflex increase in the slow i witch 
component of the pubococcygeus/ periurethral 
striated muscle unit closing off the urethra in 
response to such a tonic detrusor contraction. 

4) In patients who register a typical pattern of 
"detrusor instability", the bell-shaped phasic 
pattern generally observed. "Y*\ FIG 15. is not 
consistent w jih a physiological spasm of detrusor 
smooth muscle*, but may reflect the battle for 
control between die opening (micturition reflex) 
and closure mechanisms of the urethra acting 
against a tonicaliy contracted bladder, oscillat- 
ing somewhere between the "open" and 4 'closed" 
positions of urethra, as demonstrated 
radiologically in FIG 5. 

5) At the pelvic floor level, these closure/opening 
mechanisms are activated respectively by pelvic 
floor contraction, VC and O, FIG 1 3, VV\ X, FIG 
14. These mechanisms work on a "feedback" 
system. Such systems involve a time delay .hence 
the classical bell-shaped curve, y FIG 1.1, seen 
when there is a reasonably equal balance. The 
rapid phasic pattern (arrows), FIG 15, is consist- 
ent with a phasic striated muscle contraction, in 
this instance, of the periurethral striated muscle. 
With large amounts of urine loss, there is an 
accelerator added to the system, the contraction 
and depression of the levator plate, FIG 4d . This 
would have the effect of not only "funnelling" 
the bladder neck and urethra, RG5, but also 
greatly increasing the number of nerve impulses 
frora"N*\FIG13. The similarity between blad- 
der instability and the micturition reflex is dem- 
onstrated directly in FIGS 15a and 15b. 

* In the aonna! pa-Jem. the stiean is continuous. :ndicaun$ chat 
Ih; detnwor contraction h also continuous. 
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Schematic outline of "vaginal control" of the 
micturition reflex. 

This is a sagittal schematic representation of bladder, 
urethra, vagina, spinal cord (SC) and brain CB). ~N~= 
nerve endings at bladder base, PUSM = periurethral 
striated musch. X = vesicovaginal ligament. The solid 
directional arrows represent the micturition refxx - 
afferent outflow from M hT to spinal cord and brain, and 
efferent flow to detrusor and urethra: DC «= detrusor 
contraction; "R M = urethral relaxation; 0 = opening force 
applied by pelvic floor muscles. The interrupted lines 
represent a discrete pathway from brain to urethra which 
inhibits the micturition reflex, and contracts the urethra. 
"C'= urethra] contraction. VC = voluntary closure force # 
applied by pelvic floor muscles. 
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nci4 Handwashing 

Tbe effect of pelvic floor contraction on "bladder 
instability". 

This is a urethrocysionietnc tracing of a patient with a 
full bladder. 



longitudinal Axis: 1: urethral pressure. 2: closure 
pressure. 3: bladder pressure 4: HMU. 

Horizontal Axis:-W: straining (P), W X": "cutting off* 
(C); "Y": band washing provocation - not "holding on" - 
urine lost; U Z\ hand washing provocation - with 
"holding on** - urine lost prevented despite partial 
activation of micturition reflex.(large arrow) 

Small arrows = reciprocal pressure rises in bladder and 
urethra; 



10 15 

Uninhibited premature activation of micturition 
reflex with urine loss. 

This is a graph of a provocative handwashing ("sink") 
test from a paiicm with syraptoms of urge incontinence. 
"IT= maxima] intraurethral pressure; "IT - bladder 
pressure "CP" - electronically subtracted closure 
pressureJC = fall in urethral pressure; Y= rise in detrusor 
pressure; arrows « reciprocal increases in urethral 
pressure) and bladder pressure. 
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FIG ISa Instability of bladder and urethra induced 
by filling cystometry 

A = quiescent pattern; B = commencement of urethral 
instability and fall in baseline urctliral pressure; C = 
subsequent enrnmenccment of detrusor contraction. 
Except for the wild swings in urethral pressure, B A C 
are consistent with the pressure patterns obseved during 
normal micturition in FIG 15b. 
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Max. urethra pressure 
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Patterns of normal micturition 

Rise in detrusot pressure follows a fall m urethral 
pressure by some seconds. 



Cystometry 

The total expulsive force of the detrusor during a 
micturition cycle is constant, (73). and dots nut vary 
either in stress incontinence, (74), or with an unsta- 
ble bladder, (75). 

Thus if the urethra funnels on provocative testing, i.e. 
is pulled open suddenly as in FIG 5, there will be a fall 
in urethral resistance, even to 0 cm H20. Such a 
pattern was observed in 3/4 1 patients who lost urine 
on handwashing provocation (76a). In this instance, 
the patient will be deemed to not have detrusor 
instability, even though urine may actually be lost. If 
the body's mechanisms succeed in closing off the 
urethra corapletely, then a high pressure will be 
recorded in the bladder, with no observed urine loss. 

// follows from this, that cystometry alone cannot 
meaningfully record the events occurring in the 
unstable bladder in all cases, ft can only record the 
body's attempts at full or partial closure, i.e. the 
urethral resistance , which appears to be produced 
mainly by contraction of the pelvic floor (76). 
Urethrocystometry. though not perfect, appears to be 
a superior method, as it has the capacity to also give 
insight into premature activation of the micturition 
reflex, being able to record the simultaneous changes 
in urethral pressure (76a). 

Urine loss during handwashing or showering 
(FIGS 13.14, 15). 

Whether or not urine is tost inpatients with 44 bladder 
instability" during handwashing depends on the 
outcome of the struggle between the bladder neck 
opening (micturition reflex) and closure mecha- 
nisms. "0VVC". FIG 1 3. The inhibitory circuit is 
suppressed by the act of hand* washing. 

Classical patterns of a premature activation of the 
rnicturition reflex were recently demonstrated in 11 5 
patients with a history of urge incontinence (76) 
presenting with a naturally full bladder for. 
urethrocyslomeiric testing comprising hand-wash- 
ing provocation: first urethral relaxation preceded or 
accompanied by urge symptoms, then detrusor con- 
traction, following some seconds later, exactly as 
occurs during normal micturition, FIGS 15, 15a, 
1 5b. We hypothesize that showering or handwashing 
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suppresses the body's normal control mechanisms 
over the micturilion reflex, by inhibiting voluntary 
contraction of the pelvic floor "VC , and by counter- 
acting inhibition within the brain, FIG 1 3. The action 
of handwashing cannot be correlated with any of 
Barrington's reflexes per sc. By lifting off the inhibi- 
tion, however, it allows all 5 reflexes to be activated. 

Anatomical correlations for urodynainic events. 
Whether or not urine is lost in patients with urge 
incontinence depends on how successfully the va- 
giiw below bladder neck can be stretched tn support 
the ner\>c endings "N n , FIG2. by involuntary for- 
ward contraction of pubococcygcus muscle ("W*\ 
FIG 14) in the normal patient, or by the voluntary* 
elevation of pelvic floor C*X\ FJG 14 )in the incon- 
tinent patient. 

Urethral relaxation during hand-washing provoca- 
tion depends on the balance between the inhibitory 
efferents **C\ (urethral contraction) or facilitatory 
effcrents M R*\ (urethral relaxation). FIG 13. Volun- 
tary contraction of the pelvic fioorfVQ. elevates the 
pelvic floor, FIG 4e, supports the nerve endings at 
bladder neck, and may re verse the micturition reflex, 
asdemonstraiedurodynamicallyinHG 14.Z. Though 
urethral relaxation, the 1st part of the micturition, 
large arrow "Z", occurred, the almost simultaneous 
contraction of pelvic floor "*C* apparently aborted 
the detrusor contraction, so thai no urine was lost. If 
the prematurely activated micturition reflex pre- 
dominates, and urine is lost, FIG 14 "Y'\ The open- 
ing force "O n , FIG 1 3 will 'funnel" the bladder neclc 
reinforcing the miaurition reflex, as in FIG 5. Such 
"funneling" was noted on VCU in patients with 
"bladder instability" (65). 

Impact of pelvic floor contraction on changes in 
urethral and bladder pressure. 
Jt h mainly contraction of the pelvic poor, not the 
abdominal cavity, which causes simultaneous in- 
crease in urethral and bladder pressures. 

At present, the reciprocal pressure changes in blad- 
der and urethra, FIG 4c, are generally attributed to 

equalization of transmitted intraabdominal pressure 
to these organs. (14). 



In a study of 163 patients subjected to the 
urerhrocystometric handwashing test (76), the pat- 
tern of urethral pressure mirrored exactly thai of the 
bladder in all cases, even during breathing, *V, FIG 
16. and even during urine loss, FIGS 14 & 15 
(arrows). In 11 out of 163 patients, independent 
patterns of contraction were noted in the urethra, 
which were not reflected in the bladder. Using EMG 
monitoring, urethral pressure rises during straining 
and on initiation of various pelvic floor reflexes(77). 
have been previously demonstrated to be accompa- 
nied by simultaneous pelvic floor contraction (78). 
Not all reflexes involved in urethral closure cause 
simultaneous reciprocal pressure rises in the bladder, 
e.g. some caused by increased mental activity (79). 
or stimulation of anteriorvaginaIwall/'vM"FIG 16. 
do not Contraction of the pelvic floor muscles as 
demonstrated radiologicallx, urodynamicallw and 
by EMG in FIGS 4-6 suggests that it may be mainly 
contraction of the pelvic floor which causes simulta- 
neous increase in urethral and bladder pressures, 
andnotstrainingperse.asiscommonlythought. We 
hypothesize that straining derives from the recipro- 
cal relationship which levator ani lias with the tho- 
racic diaphragm and the abdominal muscles (80), 
181), probably as a result of their common 
embryological origin (R2). Hence, when the body 
involuntarily closes off the urethra, it does so by 
activating a pelvic floor contraction, FIG 4b, "S" FIG 
4c. This causes a simultaneous reciprocal contrao 
tion of the abdominal musculature and thoracic dia- 
phragm, resulting in a secondary rise in 
intraabdominal (and therefore, bladder) pressure. 
Sinrilarly, with voluntary closure. FIG 4e. *XT FIG 
4c. It is implicit in the equalization theory that the 
same force which can compress the urethral tube, 
can also deform and push down the pelvic floor. This 
is a passive concept, and is generally accepted. 
However, it is clear on simple observation of FIGS 
4b, 4c, and 4e, that the pressure rise during lifting 
of the pelvic floor and organs on "cutting-ofT is 
similar to that seen during depression of the pelvic 
floor and organs on straining. Furthermore, EMG 
recording, FIG 4c confirms the radiological impres- 
sion of simultaneous pelvic floor contraction. 
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If the intraabdominal pressure equalization theory 
were the sole explanation for the pressure rises noted, 
then diere would be no need either for pelvic floor 
contraction, or for independently innervated urethral 
contraction. "Vm'\HG 16. 




FIG 16 

Examples of coincident and Independent urethral 
contractions. 

V * midurcthnil pressure; B~ bladder pressure; EMG = 
electromyogram recording in anterior part of vagina, c « 
coughing T rapid breathing; vM = lapid stimulation of 
anterior vaginal walL 

False detrusor dyssynergia. 
The urethra may contract independently of the blad- 
der. 

The signal to relax the urethra may be counteracted 
by either voluntary, "curting-off \ **CT or reflex 
contraction of urethra. 44 pushing'\ T. FIG 14. often 
to the point where there is a relative obstruction to 
flow giving rise to a false diagnosis of "detrusor 
dyssynergia" in the absence of neurological disease 
(78). 

"Bettei^explanation (59) of some previously dis- 
cussed phenomena by tbe Integral Theory. 
Ultimately, according to this theory, all associated 
phenomena of "detrusor instability", even in some 



patients with neurological damage, can be traced to 
a defecr somewhere along the circuits schematically 
represented in FIG 13. 

Some exarrrples* 

Stimulation of a detrusor contraction by effort ( 1 9), 
is explained according to(l) by inability of the for- 
ward portion of the pubococcygeus (PCM) to ad- 
equately immobilize the vagina below the biadder 
neck, and so prevent stimulation of the nerve endings 
by the posterior movement instigated by the levator 
plate during the bladder neck closure mechanism. 
The mechanism for this is demonstrated in FIG 12b. 
Inability of PUL to restrain the vagina may result in 
sudden massive "funnelling-- also resulting in acti- 
vation of the micturition reflex. In pregnancy, stress 
and urge incontinence (83), and symptoms of defec- 
tive opening, (84), are explained by the pregnancy 
hormones, relaxin, and prostaglandin inducing lax- 
ity in the connective tissue of vagina and/or its 
supporting ligaments. Return to continence after 
confinement in 95% of patients (83) is consistent 
with this explanation. Symptoms of deficient open- 
ing, as well as high residua) urine are explained as 
follows: laxity in the posterior fornix of vagina 
inhibits the opening action of the longitudinal mus- 
cle of the anus, resulting in a deficient number of 
afferent impulses from the nerve endings at bladder 
base. "N'\ FIG 13, so that the strength and length of 
detrusor contraction islikewise suboptimai. This may 
explain why the cystometric projections ( 73) used to 
calculate wrk of the detrusor muscle are not appli- 
cable in patientsnith high residual urine. According 
to <1). high residual urines are an end point of 
deficient emptying, and both result from deficient 
anchoring of the posterior fornix of vagina ( cf 
posterior fornix syndrome, pan IV). The symptom of 
''stopping and starting" associated with repeated 
straining is explained as an attempt to further stimu- 
late *N" by pulling the biadder neck down and bade, 
FIG 4b. Urge symptums due to cystocele/vaginal 
vault prolapse are explained by causing "dragging" 
on the vagina at bladder base, or because of concomi- 
tant laxity in the supralevator vagina. Both may 
stimulate the nerve endings at bladder base. A new 
incidence of urgency following bladder neck eleva- 
tion may be explained by the elevated vagina creai- 
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ing upward pressure on the nerve endings at bladder 
base, thus causing premature activation of the mictu- 
rition reflex. Thus the very high incidence of "detru- 
sor instability" in the group of operative failures 
reported (19) may well have been a self-selected 
group, i.e. the operation failed because of the exces- 
sive elevation causing the new incidence of "detru- 
sor instability". Inflammation causes oedema, and 
therefore stimulation of the nerve endings in the area. 
Neural spinal cord disease such as Multiple Sclerosis 
acts by blocking the efferent inhibitor side of the 
urethral reflex in the spinal cord. This effectively 
prevents the action of 4 XT and "VC\ FIG 13. Ac- 
cording to the Integral Theory (1) symptoms of 
frequency, urgency and nocturia at period time may 
be due to prostaglandins causing laxity of the con- 
nective tissue in transverse cervical and utcmsacral 
ligaments, possibly analogous to cervical softening 
just prior to labour (85). This interferes with the 
ability of the pelvic floor muscles to create a drum- 
like support by vagina of the nerve endings at bladder 
neck. Similarly urinary incontinence and nocturnal 
enuresis in children is possibly explainable by a 
congenital defect in the pubo- urethral ligaments or 
collagenous connection to pubococcygeus muscle 
(PCM), preventing adequate vaginal tensioning, and 
therefore support for the nerve endings, and even 
closure. A similar pathogenesis could explain tbe 
stress/ urge incontinence often seen in young 
women,(86). 

* many exampte^mh as why the detrusor contraction curve is 
phasic have already been presented in the text. Other* follow In 
pam 11,111, and IV. 
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ABSTRACT 

The vagina is presented as a living organ, whose structure, elasticity and tensile properties may 
be altered by age, pregnancy, parturition, and surgery, An alternative concept for urodynamic 
pressure measurement is introduced, based on the Integral Theory (I : p63-67). whereby forces 
creating the pressure in the urethra as measured by a micjotransducer, actually derive from the 
periurethral striated muscle (PUSM). As pressure = force/area, given that the muscle force for 
a given contraction is always constant, dynamic pressure variations during manoeuvres such as 
coughing, straining and 'cutting-off will vary according to the area of the urethral cavity over 
which the PUSM forces are applied. This area varies according to what degree of urethral closure 
is attained by the closure muscles acting on the vagina. The relationship of vaginal tension to 
these forces is analysed with special reference to the stress extension curve of vagina, and also, 
the various anatomical defects as defined by the proposed Integral Theory. 



INTRODUCTION 

In (J), the vagina is presented as a living organ, which 
cannot regenerate, and whose structure, elasticity and 
tensile properties may be altered by age, pregnancy, 
parturition, and surgery. The vagina is as^gnedaprimary 
role as a transmitter of muscle contraction in urethral and 
bladder neck closure, and as a structural supporting 
membrane for the nerve endings al bladder neck. We 
hypothesae that the 'fme^uning" of the critical tension 
necessary to allow mis dual function involves a complex 
feedback mechanism between die slow twitch striated 
muscle fibres of the pelvic floor area, and the brain. 
If the vagina is. lax, its structural supporting function may 
be lost Alsa Striated muscle contracts over a fixed 
distance (71). A lax vagina means thai the contraction of 
the muscle inserting into it is dissipated (87). Hierefnre 
we consider analysis of the physical, biochemical, and 
biomxehanical properties of vagina lobe essential to the 

understanding of the pathogenesis of female urinary 
incontinence. 



Effect of age and hormones on the structural 
components of the vagina* 
Age and hormones may cause laxity and therefore, 
loss of structural integrity of the vagina and its 
supporting ligaments. More advanced age may cause 
shrinking of residual vagina after surgery, as well as 
scar tissue, resulting in the tethered vagina syndrome 
( 1) years after an initially successful operation. The 
pubourethral ligament and the collagenous connec- 
tive tissue insertion Cglue") between vagina and the 
pubococcygeal* muscle may also weaken with age. 
causing severe urinary and even faecal inconu* nence. 
What is commonly described as the " vaginal fascia" 
has been histologically demonstrated to consist mainly 
of smooth muscle (88). The fascial plane of vagina is 
actually not a well defined structure (88). has very 
little strength, and is actually a pan of the fascia 
endopelvina, (88). Structurally, the vagina is weaker 
than other tissues such as aorta (94)(95). Its strength 
therefore, must be related to the structural compo- 
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nents within its smooth muscle, fascial connective 
tissue, and the epithelial cells per se. 

The mechanical function of connective tissue de- 
pends on the structure of the extracellular matrix, 
and the orientation of the collagen fibres within that 
matrix (89)(90). The relative proportions ofthe vari- 
ous glycosaminoglycans influences the mechanical 
properties of the tissue. eg., chondroitin 6 sulphate 
interacts more with collagen molecules than keratan 
sulphate, which interacts more than chondroitin 4 
sulphate etc. During pregnancy, there is a marked 
change in the ratio of hyaluronic acid to riermatan 
sulphate, resulting in marked distensibility of the 
cervix (91) (92). Conversely, the increased content 
of dermatan sulphate with age, (93) renders the tissue 
less distensile. 

Collagen fibrils appear to reinforce the ground sub- 
stance much in the same way as glass or carbon fibres 
provide reinforcement in synthetic composite mate- 
rials (S9). The condition for effective reinforcement 
is expressed in terms of "critical length*' (89) a 
function of fibril radius, the stress at which fibrils 
break, and the shear stress exerted by the fibril. A 
decreased critical length (scurvy) or increased criti- 
cal length due to increased cross linking of collagen 
(ageing) may actually impair reinforcement (89). 
During pregnancy, part of the mechanism for soften- 
ing in experimental animals may be due to the effect 
of relaxin inhibition of lysyJ oxidase, the main colla- 
gen covalent cross-bonding enzyme (92). Once the 
tensile limit of a tissue is reached, individual fibrils 
may break, so that the others become overloaded. In 
this way, the tissue may fail catastrophically (89). 
Though tlie collagen fibrils themselves increase in 
strength with age, a net loss of tissue strength with 
age has been demonstrated by direct testing (94). The 
standard deviation of the physiological age of tissues 
i s approximately 25% between the ages of 40 and 80, 
i.e. a patient with a calendar age of 60 years may have 
tissues with a physiological age ranging in extreme 
circumstances between 30-90 years, but more gener- 
ally between 45 and 73 years. On this basis alone, the 
propensity for surgical failure dut to poor strength/ 
elasticity of vaginal tissues, present and future, is 
huge. Data of tissue breaking strain. (94) indicates 



that the vagina does not have strong structural com- 
ponents when compared to other tissues ofthe body, 
e.g. skin, artery, tendon etc (94) (95). 
Mechanical influences aside, we attribute the ap- 
pearance during pregnancy of stress and urge symp- 
toms (83), and symptoms of defective emptying 
(84), to hormone induced laxity (1) (p77-78) of me 
vagina. This laxity is mostly reversible (83). Symp- 
toms of stress and urgency, during pregnancy can 
often be allevi ated by insertion of a ring pessary . This 
stretches the vagina, removes laxity, and re-creales 
the tympanitic membrane essential for opening, clo- 
sure . and support of nerve endings at bladder base. 
Perimenstrual urge/stress symptoms may be ulti- 
mately caused by prostaglandins and other hormones 
loosening the cardinal and uterosacral ligaments 
along with the cervix, (defect no 4. classification. 
FIG 2), possibly analogously to what occurs during 
cervical ripening (91 ). The above manifestations are 
consistent wilh the concept of vaginal laxity causing 
various symptoms of urinary incontinence (I ). 

Structure and function of ligaments. 
The mechanical properties of the various tissues are 
related to the differences in alignment of thecollagen 
fibres. Skin is weaker than tendon because fewer 
fibres arc oriented in the direction of loading (90). 
Structural orientation varies in different ligaments 
depending on function. Although most ligament col- 
lagen fibres are nearly parallel, some have a non- 
parallel orientation. The strength of collagen is a 
function of its inter and intra molecular cross-bond- 
ing (96), with identifiable increases in particular 
types of cross-linking. Load bearing ability of colla- 
gen increases with age (96). The biochemical proc- 
esses of aged collagen are complex, and include an 
oxidative mechanism (97). Ijoss of elasticity in hu- 
man tissue occurs after the age of 40 (96), as can be 
seen by comparing FIG 7a with FIG 7b. 

When the ligaments are unloaded, collagen fibres 
have a wavy configuration. When loads are imposed, 
low loads are sustained until the fibres oriented in the 
direction of loading, straighten out. At this point the 

straightened fibres sustain loads in the physiological 

range. This also provides a "shock absorption" func- 
tion for vagina and urethra FIG 7a. Elasun allows a 
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tissue deformed by stretching to return to its original 
state on release of the deforming force, FIG 7a. Thus 
the elasticity of vagina and urethra is a low energy 
method of retaining urethral closure in the normal 
patient. We believe the acute rise in detrusor pressure 
at the end of micturition as being due to this restoring 
force. 

Structural failure. 

The elastic component of vagina is susceptible to 
rupture with relatively light loads. Therefore any 
stretching of vagina during surgery must be carried 
out with care. Deformation to failure depends on the 
qualities of collagen and elastin. Elastin fibres dis- 
play great elongation (more than two times the origi- 
nal length when low loads are imposed). With in- 
creased loads, they suddenly become stiff and rup- 
ture abruptly without deformation (92). On exten- 
sion, collagen fibre become stiff and reach their yield 
point, generally without breaking. Therefore, over- 
extension of vaginal tissue may principally destroy 
the elastin content of the tissues. Once the elastin has 
been broken, say by excessive elevation of vagina or 
by childbirth and subsequent herniation, then the 
collagen fibres align along the lines of force, (grav- 
ity). In the urethra, this may cause laxity, a low 
urethral pressure (1 ),and 'constant seepage of urine*. 

Biomechanics properties of vagina. 

Advancing age weakens the structural integrity of 
vagina, and changes its stress elongation curve. This 
narrows the margin for error with incontinence 
surgery. 

The vagina has a dual role. It structurally supports the 
nerve endings at BN, and transmits the contractile 
forces from PCM and LP. FIG 17 generated by the 
pelvic muscles. The stress elongation curve of va- 
gina is almost identical to that of the trigone in the 
urinary bladder (94), indicating that the trigone will 
be stretched synchronously with the vagina on appli 
cation of a force. 




FIG 17 

Differential extension of vagina. 
This represents a standing lateral sagittal section of the 
bladder and its anatomical supports. PUL = pjbo 
urethral ligament; BN « bladder neck; LP - levator plate. 
V = vagina: PCM = pubococcygeus muscle; Inside the 
bladder is a stress extension curve of vagina. *0C**= 
stretch limit. 

Point (X)» FIG 17, represents the point where the 
vagina can stretch no more and becomes a rigid 
transmitting membrane. Any force applied beyond 
point (X) is then faithfully transmitted to whatever 
the vagina is connected to, i.e. the lower 2/3 of 
urethra, and in bladder base. The initial elongation 
limit of urogenital tissues ( to point X* FIG 17), is 
20%-35% of the ultimate strength; initial elongation 
= 60%-80% of the ultimate elongation (97). The 
ultimate tensile strength of the urogenital tissues is 
greatest between 10 and 29 years, but by 50 to 79 
years the strength has decreased to about 60% (98). 
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Function of differential vaginal tension. 

I Juts extensibility in the longitudinal axis of vagina 

ensures that a semi-rigid " spine 9 * . FIG J 7a, in the 

posterior urethral wall is quickly created, ensuring 

thai opening and closure of the urethra may proceed 

efficiently. 
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How differentia] extension of vagina aids opening and 
closure of urethra. 

Standing sagittal section. LP= levator plate; PCM = 
pubococcygeal muscle; T « superficial trigone; IP « 
insertion point* of periurethral striated muscle. 

like other urogenital tissues (97), the vagina has a 
differential elongation longitudinally and trans- 
versely. Tcnsinn in the longitudinal direction, is 
achieved by contraction of the levator plate (LP). 
This is radiologically demonstrated in FIGS 5. 6, 7a. 
7b. Tension in the transverse direction, is achieved 
by forward contraction of the pubococcygeus muscle 
(PCM), pulling the vagina forward. This is 
radiologically demonstrated in FIG 6, where the 

midurethraisobviously pulled foward during strain- 
ing. S . 
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Because point 4, X*\ is reached earlier in the longitu- 
dinal direction, it converts the posterior wall of 
urethra into a semi-rigid structure, so that it can now 
he pulled forward by PCM to close urethra, or pul led 
down for opening/closure by subsequent contraction 
of LMA, i.e. the urethral tube is opened and closed 
antero-posteriorly along most of its length, as dem- 
onstrated in FIG 5. This is a much more efficient 
arrangement for a sphincter mechanism than circu- 
lar closure at a singular point. 

As the urethra lengthens during closure, FIG 3, so 
does it become narrowed. This applies especially to 
the upper 1/3 of urethra which has no vaginal attach- 
ments. According to the law of Laplace, the tension 
acting in the lumen increases, aiding closure. 

Biomechanical effect of changed elasticity. 
Decreased elasticity means that the point on the 
stress extension curve where the force is transmitted, 
instead of being absorbed by stretching (he elastic 
components, is reached much earlier. Vaginal scar- 
ring may vastly accelerate this process. 




FIG IB 

Influence of vaginal elasticity on muscle force 
transmission. 

This is a stress extension curve of vagina. XT ~ poor 
vaginal elasticity, e.g. from scarring at blacdcr neck; X = 
normal elasticity; XL * vaginal laxity; PUL = pubo 
urcthral ligament; BN = bladder neck: LP = levator plate; 
V = vagina: PCM = pubococcygeus muscle. 

In FIG 18, low vaginal elasticity, as in curve XT, 
means that the point of transmission is reached much 
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earlier along the elongation axis. This pattern is 
typically seen in the "tethered vagina syndrome* 1 . If 
the vagina is lax, as in curve XL, a significant amount 
of the muscle contraction is wasted in extending out 
the laxity. Point X may never be reached, so that 
urethral closure may not occur. 




Stress elongation curve in the transverse diameter of 
vagina in the area of bladder neck in five 
postmenopausal patients with stress incontinence, as 
measured "in vivo**, by a prototype elastometer. S =■ 
force applied; E » extension of vagina! wall. 

This is an actual stress-elongation graph taken in the 
transverse axis of vagina in the region of bladder 
neck, in four SI females (to the right in the diagram) 
and in a patient with the '•tethered vagina sy ndroroe" 
(XT), using the prototype elastometer instrument 
depicted in FIG 19b. Very little stretching of the 
vagiua would be needed to reach (XT) in the patient 
with tethered vagina. A bladder neck elevation op- 
eration would most likely worsen this patient's 
symptoms, by removing any remaining elasticity 
from zce> FIG 3. By the same token one could 
proceed to such an operation in the other 4 females 
with confidence. 




FIG 1% 

Prototype ela&iomeier. D b distance between books; E = 
extension distance; F « variable force. 



Lose (99) demonstrated 2 distinct patterns, similarto 
FIG 19a on measuring urethral elasticity. Weexplain 
his results as being secondary, and dependent on, 
how much the vagina was stretched by the catheter 
within the urethra, given our concept mat the smooth 
muscle extension of the bladda/urcthra unit is ultimately 
limited by their insertion points into the vagina. 

How vaginal laxity limits the eiTecl or pelvic floor 
exercises. 

It is dear from examining *'CT RIG 6, how learning 
the voluntary closure mechanism with pelvic floor 
exercises can stretch the vagina upwards, facilitating 
point X. MG 17, being reached during closure with 
a lax vagina. As striated muscle contracts over a 
finite distance (87). however, there is a limit as to 
how much extra efficiency can be squeezed out of the 
system. Even with patients who are greatly im- 
proved, further age-related loss of elasticity inexora- 
bly results in a return of symptoms. Given the evi- 
dence presented here as concerns the urethral and 
bladder neck closure mechanisms, and the important 
role of the pelvic floor muscles therein, it would 
aprjear that rxl vie floor e*erd$es inro 
ing/pushiog in the normal patient would also be 
essential in prophylaxis, something not presently 
recognized by physiotherapists. 

Visco- elastic "creep". 

Oyer a period the muscle forces acting on the vagina 
have the potential to loosen any surgically imposed 
tension. 

In this context, visco-elastic "creep*' is defined as the 
gradual flow of a material under a sustained load. 
Each tissue will have its limit, e.g. the "creep" limit 
for the urinary bladder of dogs and rabbits is 6Wfe of 
the ultimate strength of the tissue (95 k whereas the 
initial elongation limit is only 20-35% of the ulti mate 
tissue strength (94). This may explain why it has 
evolved that in vaginal surgery, much larger tracts of 
vagina are routinely excised than would appear nec- 
essary ( cf surgical recommendations, pan ID). This 
technique, without realizing it anticipates the paxr- 
ess of visco-elastic "creep 5 '. 



Pctros/Utnsitn 



34 




FIG 20 

The mechanics of lowered pressure transmission ratio. 

vaginal laxity (broken lines), may result in failure to achieve the "closed" position (solid lines) during 
coughing or straining. The urethra remains relatively "open* (broken lines). Thus the dynamic increase in 
pressure from PUSM is exerted over a larger area~S". As the contractxit force to always constant (JOOh a 
low transmission ratio signifies that "CU* is not lightly apposed to PUSM at the point of measurement. 
Upper diagram represents i sagittal section of the anterior wall of vagina, urethra, and bladder. V = vagina underlying the 
lower 2/3 of urethra; PUL = pubourethral ligament; PUSM » periurethral striated muscle; N = nerve endings at bladder 
base; X = vesicovaginal ligament; SLV = supralcvaior vagina: A 1 = vaginal attachment of PUL; A2 - the sair* 
attachment stretched by contraction of LP (levator plate) and LMA OongitudirjaJ muscle of the anus); B = insertion of 
uicrosacral and cardinal ligaments. Lower diagram represents a transverse section of me mid urethra; PUSM = 
^urethral striated muscle; V = vagina; IP = insertion points of PUSM; CU - cresu urcthralis; S = space between 
PUSM and CU (ihe area over which PUSM contracts); PCM anterior portion of the pubococcygeus muscle The 
broken lines 'open' position; solid lines: closed position. 
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"Creep" is explainable in terms of the initial disten- 
sion being due to the stretching of collagen and 
elastic fibres, subsequent rearrangement being due 
to the molecular adjustment of the ground substance 
to this increased load. We attribute the gradual return 
of ability to micturate following urinary retention 
subsequent to a tight vaginal repair, or bladder neck 
elevation procedure to the vi sco-elastic "creep' 1 equal- 
izing the tissue tension in vagina between USL and 
external urethral meatus, relieving tightness, and 
permitting F2 , FIG 3, to once more acti very open the 
bladder neck. We believe that overdistension of 
smooth muscle is unlikely to be a major mechanism 
in the causation of post-operative urinary retention, 
us smooth muscle, unlike striated muscle, can func- 
tion effectively over a large range of distension 
lengths (7J). Similarly, transient urge symptoms 
seen after vaginal repair are explainable by a tempo- 
rarily excessive tension from below stimulating the 
bladder base nerve endings (1) (p55), with "creep" 
explaining the subsequent release of tension, and 
therefore, relief of symptoms. 

Loss of urine with repetitive coughs. 
Tissue hysteresis inhibits the restorative elastic clo- 
sure force of urethra, facilitating urine loss with 
repetitive coughs. 

We attribute loss of urine subsequent to initial non- 
productive coughing to a hysteresis factor prevent- 
ing adequate recoil of the elastic structures PUL, 
SLY. V, FIG20. The space -S" , FIG 20, increases 
with every cough. 

The dynamic interpretation of muscle force as 
reflected by pressure transmission ratios. 
It is our concept that pressure readings have an 
important role in the dynamic assessment of the 
various closure mechanisms, as they have the poten- 
tial to measure force. Pressure = force/area. 
According to ( 1 ), the urethral "cavity" is subjected to 
three different forces originating from three different 
muscles during opcningfclosure, FIG 3. In sequence 
(LP) moves backwards, then (PCM) forwards and 
finally (LMA) downwards. These events instantane- 
ously alter the intraurcthral area on which the periu- 
rethral striated muscle acts. 



Pressure = force/area. Vaginal laxity increases the 
intraurethral area ( "S M FIG20) over which the stri- 
ated muscle force ( "PUSM" FIG20) acts; i.e. pres- 
sure transmission ratio will be diminished during 
certain manoeuvres if the muscle forces cannot close 
the urethra, because the force of muscle contraction 
is always constant (1 00). In the normal patient, there 
is a degree of over^irrpeosaiion by the muscle 
forces activating the involuntary closure mecha- 
nisms, hence pressure transmission ratios well in 
excess of 1 00% are frequently recorded on coughing. 

Vaginal laxity, (broken lines FIG 20), increases the 
space U S W . Therefore (PUSM) contraction is exerted 
over a relatively larger area and this is reflected in a 
negative pressure uansmission ratio, as noted for 
straining, coughing, and "cutling-off \ FIG 21a. 

Interpretation of PTR changes according to vari- 
ous manoeuvres. 

The pressure transmission ratio (PTR)is a poten- 
tially powerful tool for estimating the relative dimi- 
nution of muscle force transmission caused by vagi- 
nal laxity. When combined with knowledge of the 
directional force of pelvic muscle contraction, F) 
F2. F1G3. and observed laxity in positions 7-5 of 
vagina,FJG2 t FTR may assist in the diagnosis of 
specific anatomical defects as per the classification. 

NOTE: In the following graphs, "pushing" (P) is 
synonymous with "straining" (S). 
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Pre-operativc pressure transmission ratio Sn the 
supine position. 

on pushing (S). "cuttlng-ofT (CO) and coughing (CX t* 
- mid-urcthial pressure; B = bladder pressure: PTR = 
pressure transmission ratio. POS CTR indicates lhat ihe 
transducers were oriented posteriorly. 

Thcdynamic intcrpreiationof urethral pressure read- 
ings is further demonstrated in FIGS 2) a and 2 1 b in 
a patient who underwent the TVS (intra vaginal 
slingplasty procedure). This operation tensions the 
suburethral vagina, and creates an artificial 
pubouretbral ligament (PUL). 

In the preoperative graph, PTR, FIG 2 la, is negative 
during 'pushing". "cutting-ofT. and coughing, i.e. 
the vagina is so loose, that PCM cannot close the 
urethral space "S*\ FIG 20. 




PTR 
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Postoperative pressure transmission ratio in the 
supine and standing positions. 
U = riiid-urethral prtwurr: ft = bladder pressure; PTR = 
pressure transmission ratio P * "pushing **( Valsalva); 
CO = "cui-oCT ; C = coughing. 

In the postoperative graph, FIG 21b, in the supine ( 
lying) position, PTR during coughing (C), has re- 
verted to normal, but not PTR on "pushing" (P), 
which is slightly negative. In the standing position, 
however, PTR on "pushing" (P) has now become 
positive. Hypothcsi7£d interpretation: In the stand- 
ing position, the levator plate (LP), FIG 17a, is 
conuacted.and so the vagina is already partly stretched 
longitudinally. In the supine position, LP is relaxed. 
Some of PCM *s energy is expended in stretching that 
part of vagina normally stretched by LP in the longi- 
tudinal axis, FIG J 7a. The work performed by a 
muscle for a given nerve stimulus is constant (1 00). 
Therefore less energy is available to close off the 
urethra which remains relatively open. Hence a low 
PTR is recorded. 
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Paradoxical leakage 

is defined as leakage on bending , which occurs at a 
lower pressure than coughing, ( which does nor pro- 
voke leaking). Paradoxical leakage is explainable by 
a prolonged active stretching downwards of the 
anterior vagina! wall by the IMA due to lov; elastic- 
ity in the 2CE t or deficiency in PUL FIG 12b. This 
actively pulls open the urethra/bladder neck. As 
such it is not strictly stress incontinence, an essen- 
tially passh* concept, ciw though the urine loss is 
provoked by effort. 

Hitherto, leakage on bending over, or getting up off 
a chair has been generally considered as stress incon- 
tinence. We have found that many patients with 
pubourethral defect, or with the tethered vagina 
syndrome did not have SI on coughing, yet leaked at 
a far lower pressure on bending or standing. { l)(p63 
67). With the tethered vagina syndrome, the cough 
stimulus, FIGS 21a, 21b, 22, lasts no more than half 
to one second. This is just sufficient to stretch vagina 
rapidly to just short of point (XT), FIG 18. *]his 
leaves just sufficient elasticity in the zee. FIG 3. so 
that Fl and F2 may proceed independently to close 
off urethra and Madder neck. Straining lasts three to 
four seconds, point X is reached and maintained, so 
that in patients with scarring at ZCE or deficient PUL, 
Fl G3, F2 may now oppose F 1 . The bladder neck i s pull ed 
open onbeinggiven thesignal todoseatalcwer pressure 
than during coughing, ''paradoxical leakage"*. 

The effect of contraction time on the pressure 
transmission ratio. 

We hypothesize that the muscles LP, PCM and LMA 
exert their action in this sequence. The contraction 
time of this sequence, and its interaction with the 
various anatomical defects 1-6, FIG 2, determines 
the symptomatic presentation, and the pressure trans- 
mission ratio ( PTR ) which is registered. 

During coughing, FIG 21b, left-hand graph, PTR is 
positive for coughing (C), but negative for straining 
(P). During coughing, the force from LP FIGS, 17a, 
1 8, is exened only over half to one second. Point X 
is reached first in the longitudinal axis, then later in 
the transverse axis. LMA is minimally activated, so 
thai space "S*\ FIG20. remains small. The residual 



elasticity in the transverse diameter of vagina there- 
fore allows the PCM (Fl)to move the cresta urethra lis 
forward a fraction later to close off the urethra, 
independently of LP. During straining, however, LP/ 
LMA (F2) is exerted over three to four seconds so 
thai if F) cannot effectively close the urethral cavity, 
the posterior urethra? wall is pulled open like a trap- 
door, enlarging the urethral w cavity~. and causing 
PTR for straining, P (FIG 2 1 b), to become negative. 
During "cuuirg-off, "CO", the pelvic floor, rectum, 
vagina and bladder neck are lifted upwards and 
forwards, assisting point X t FIG 17 to be reached in 
both axes, so facilitating urethral closure. This 
"stretching up"" action on the vagina is morphologi- 
cally demonstrated in FIGS 4e and 6. During "cui- 
ting-off. "CCT(HG 2 1 b). F2 is not activated at all. Fl 
closes the urethral space, sothat PTR for*CO" is positive, 
even though the contraction lasts 3-4 seconds. 

Significance of a low cough transmission ratio in SI. 
A lax vagina delays urethral closure, increases the 
area over which the striated muscle force is exerted, 
therefore decreasing the cough transmission ratio. 
We have demonstrated how the "pinch test" ( I ) (p33- 
35) may increase the cough transmission ratio (CTR). 
Similarly, injection of distending fluid pcriurethrally 
may tension the insertion points (IP) of periurethral 
striated muscles sufficiently to allow isometric 
contraction of those muscles, also increasing the 
CTR, FIG 10. It follows that a low CTR, FIG 21a. 
probably indicates a lax suburethral vagina in the 
presence of an intact PUL. If so, such a patient has a 
high possibility of cure by vaginal repair. We believe 
that peri-urethra! GAX collagen injections work 
similarly to the process in FIG10, i.e.. taking the 
laxity out of the transverse diameter of vagina 
decreasing "S'\ F1G20, and also, anchoring the 
insenion points (IP) of PUSM. F1G20. 

Significance of a high cough transmission ratio in 
effort/stress incontinence. 
The sequence of pelvic floor muscle movements, LP. 
followed by PCM then LMA, means that over the 1/ 
2 to 1 second over which these movements occur, the 
contribution of LMA is minimal. i.e. any situation 
which facilitates extension of the posterior wall of 
urethra in the longitudinal axis may create a high 
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cough transmission ratio. This may occur even in the 
presence of a lax suburethral vagina, especially if 
there is a deficient PUL fulcrum preventing the 
separate actions of PCM and LP. 

We have regularly noted that CTRs of 1009b are 
frequently found in incontinent patients with obvi- 
ously lax suburethral vaginas. Wc explain this by 
loss of the PUL fulcrum function, FIG 12b. lfPlJl.is 
loose, then differential LP contraction during the 
cough pulls tbc vagina back sufficiently to tension It 
longitudinally. This movement anchors the (PUSM) 
insertion points, FIG 8. ensuring efficient contrac- 
tion and a high CTR* (1) (p37-39). Patients with 
non-stress non-urge incontinence^ ) (69-70), or with 
the tethered vagina syndrome (I) (63-67) often did 
not lose urine on coughing. They did lose urine on 
getting out of bed , or off a chair. We explain this as 
being due to subsequent prolonged pelvic floor con- 
traction opening the vagina (and therefore urethra) 
like a trapdoor. FIG 20, broken lines, M S'\ The 
marked elongation of vagina possible with a PUL 
defect is obvious in FIG 12b. 

* Despite the high CTR, urinwy leakage may alill occur, as 
water-tight closure requires devatiun uf die cresta urethra) is and 
tightening of tbc >OKina by the PCM. FIG 8. 

Adjunctive concept for aetiology of stress Incon- 
tinence 

Wc suggest that stress incontinence may not be 
entirely a passive process. Given the sequence of 
muscle movements, LP, PCM, LMA, FIG 2, then if 
PCM cannot be activated, the system is thrown from 
the -active closed" to "open" position, Le. it is likely 
thet the urethra may be actively opened, at least in 
part during stress, by the events occurring in FTG 
12b. 

Positive Valsalva PTR in the incontinent patient 

This may suggest a posterior fornix defect, 
Wc have recently performed a Valsalva PTR test in 
10 asymptomatic nulliparous controls, and 163 fe- 
male patients with urinary incontinence ( unpub- 
lished data). All females were tested with a full 

bladder. According to our results, the PTR straining 

test was mostly positive in control patients, and 
mostly negative in incontinent patients with a full 



bladder. This is consistent with previous reports 
(102). However, we found that PTR on straining was 
positive in 2) incontinent patients. The incidence of 
hysterectomy in this group was 14/21, i.e. 66%. 
Using a two sample lest of proportions, p = .0008 (< 
0.001 ); i.e. hysterectomy seems likely to be a causa- 
ti ve factor. One explanation for mis may be accord- 
ing to (1) p 71-73), mat transverse suturing of the 
vaginal vault during hysterectomy may cause laxity 
in the posterior fornix, so that the LMA contraction 
can no longer properly tension the supralevator va- 
gina, FIG 2. This may lead to defective bladder neck 
opening and/ or closure. 
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FIG22 w w CO 

Change in PTR following posterior fornix repair. 
This is a pre- and postoperative graph of a patient wit)) 
stress and urge incontinence due to a posterior fornix 
defect who w« cured by a posterior fornix repair S = 
strain: CO = *tuuofT ; C = cough; B = bladder, U = 
urethra; PTR « pressure transmission ratio. 
FIG 22 indicates how an incontinent patient cured by 
a posterior fornix repair ( pari IV), this issue), con- 
verted a positive PTR to normal. 
Interpretation of the valsalva PTR test according 
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to (1). 

Jn FIG 22, pre-operatively, PTR od straining (S), in 
the lying position, is positive, a pattern found fre- 
quently, but not always, in patients with urinary 
incontinence due to a posterior fornix defect, (detect 
no 4, FIG 2). This patient was surgically awwl by 
making a 4 cm horizontal incision in the posterior 
fornix of vagina, stretching it up longitudinally, and 
suturing it side to side. Postoperati vely , the PTR has 
converted to being only slightly negati ve. Interpreta- 
tion : preoperatively. LK1A contraction was weak 
because of laxity in the uterosacral ligaments. "V" , 
FIG 20, could not be pulled open hy LMA, "S" 
remained narrowed, and PTR was recorded as posi- 
tive. The operation tightened the uterosacral liga- 
ments, LMA contraction returned to normal, %, V" , 
FIG 20, was pulled down onsiraining, M S~ increased, 
and PTR was recorded as normal - slightly negative. 
PTR "C" (coughing) FIG 22, is positive, because 
vaginal stretching is much less over 1/2- 1 second, so 
that the urethra is not opened significantly. PTR 
during "cut-off* is positive throughout, due to a 
different mechanism which elevates the vagina, best 
demunsiniLed in FN? 6. 
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FIG 23 

The urethral closure system has limited muscle, 
strength. 

This represents a sagittal section of a patient lying in the 
supine position. A = rectus sheath; B = urine-filled 
bladder; g = force of gravity ( inertia! load) acting on the 
full bladder. VVL ■ vesicovaginal ligament; labelling 

otherwise as in FIG 1 7 stress - elongation curve of the 
urogenital tissues is contained inside the bladder. 



Relationship of cough transmission ratio to bladder 
volume, vaginal laxity, and urge incontinence, 

Increasing bladder volume increases the inertia! 
load "g" on the urethral closure muscles for the U 
2 - / second duraiion of a cough. FJC23. This delays 
urethral closure, increases the area over which the 
striated muscle force is exerted, thereby decreasing 
The. cough transmission ratio. A lax vagina exacer- 
bates this situation. If all structures are intact, then 
force - g M is exerted mainly at "BN*\ bladder neck. If 
the vagina is lax, there will be funnelling, so that "g" 
also stretches part of the suburethral vagina provid- 
ing a larger counter force to PCM, than in the normal 
patient. This delays urethral closure even further, 
increases the area T. FIG20 over which the PUSM 
striated muscle forceis exerted, therefore decreasing 
the cough transmission ratio. This concept may be 
further developed to explain nocturia and nocturnal 
enuresis. Overnight, as M B M increases in volume, the 
nerve endings at **BN" become stretched by the 
funnelling, activating the micturition reflex. With 
nocturnal enuresis, we postulate that congenital de- 
fects 3 and/or 5 do not allow PCM to create n drum like 
tension in the vagina, to support the bladder neck nerve 
endings, thereby preveniing such activation of the 
micUniuon reflex. 

In an ongoing study (unpublished data), the relation-; 
ship between CTR bladder volume and urine loss on 
handwashing provocation is penetrated. Fifty-two 
patients (group 1) with a previous history of mainly 
urgeincontinence, lost urine during the handwashing 
test They were compared with a similar group of 63 
women (group 2) who did not lose urine during this 
test The mean cough transmission ratio CTR in 
group 1 was 76%, and 92% in group 2. Mean bladder 
volumes were 453 mis and 353 mis respectively. 
Using a 2 samplG t test, the correlation between the 
lowered CTR and increased bladder volume in the 
two groups was found to he highly significant, p = 
<.00001. Lc. it is highly likely that the increased 
bladder volume was responsible for the low CTR in 
the patients who lost urine during the handwashing 

"sink test". 

These results are consistani with those reported by 
Consiaminou, that CTR decreases with increased 
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bladder volumes in healthy females (101). 

With reference to (1 ), we hypothesize that the PCM 
muscle force* FIG 23, was unable to tighten the 
vagina sufficiently to prevent stimulation of the 
nerve endings at bladder base, or to close off the 
urethra sufficiently during coughing (lowCTR), due 
to the increased inertial force created by the addi- 
tional weight of urine. We consider that the results 
confirm the main statement of the Integral llieory 
(11 that stress incontinence (defective urethral clo- 
sure) and urge incontinence (inability to inhibit pre- 
mature activation of the micturiuon reflex) both 
derive, for different reasons, from the same an ana- 
tomical defect, vaginal laxity in the suburethral/ 
bladder neck region. 

Force generated by the pubococcygeus muscle. 
The anterior portion of pubococcygeus 
muscle(PCM)F!G23 generates a constant force for 
a given siimulus, (100) . Force »Mxa, where M= 
mass and a = acceleration. If M increases (higher 
urine volume), V decreases, as does the terminal 
velocity of the contracting muscle. In group 1. "S'\ 
F3G20, is enlarged due to the inertial force of the 
extra urine. Thus some of the muscle force generated 
is required to overcome this inertia. "5T FIG 20 does 
not close, as X f FIG 17, may not be reached. This 
reduces the CTR. Using the relationship between the 
reduced CTR and increased urine volume reported 
earlier, we calculated # that the total strength of 
jjubococcygeus muscle contraction = 6.88 Ncwtons. 
and the power = 99.2 mW. 

# see appendix B. 

Power generated by the pubococcygeus and per- 
iurethral striated muscles. 
At the level of rnidurethra, mean power for healthy 
women was 4.0 mW, and for GSI women 2.0 mW, 
(99). We believe that we have measured the power 
exerted by the pubococcygeus, and that Lose (99) has 
measured the power of the periurethral striated 
muscle. These results reinforce our concept of the 
urethral closure mechanism having 2 components, a 
powerful pubococcygeus muscle contraction com- 
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ponent (generating 99 mW), and a much weaker 
periurethral striated muscle contraction (generating 
4inW). 

CONCLUDING COMMENTS 

Though several examples of how various dynamic 
pressure transmission ratios may reflect specific 
morphologjcal defects have been presented, ii must 
be remembered that the mechanisms of closure are 
complexly interlinked, and most probably, chaoti- 
cally detenu ined. much in the same way as with 
"detrusor instability". Therefore a specific pattern 
may not necessarily be registered on one occasion, or 
repeatable on another. 

Correspondence: 
P.H. PAPA PETROS 
1 4 A/38 Ranelagh Crescent 
South r<arth.WA6151 
Australia 
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_ _ — ORIGINAL ARTICLE 

PART III: SURGICAL PRINCIPLES DERIVING FROM THE 
THEORY 

FOREWORD 

The following section is not meant, in any way ,to beadefiniti vc handbook of urogynaecologica) 
surgery. Rather, the aim is to present our interpretation of the surgical principles derived from 
the Integral Theory. In the process of applying the theory 10 the management of female 
incontinence, the surgical principles described herein, and even the theory itself have been 
challenged, refined and modified. Most of the statements introduced are based on a significant 
clinical ex perience based over sev eral years, encompassing close to 1 OOOpati ents. In the patient 
not previously operated upon, defects no 3 & 5, pubourethral ligament (PUL) and collagenous 
insertion ("connective tissue glue**) of vagina to the under-surface of pubococcygcus muscle arc 
considered to be the most serious detects, as they also invalidate the urethral closure mecha- 
nism, and appear to have a role in the causation of faecal incontinence too. However, we also 
emphasize the role of a lax posterior fornix as concerns causation of high residua) urine, pelvic 
pain, and also, urinary incontinence. 

ABSTRACT 

The impact of surgery on the six structural defects according to the initial anatomical 
classification (pl4), is analysed with reference to the 3 main functions of vagina and its 
supporting ligament* as an elastic membrane connect! ng the urethral and Madder neck closure 
mechanisms, FIG3; as a transmitter of pel vie muscle contraction, F1C1 7; as a structural support 
for the nerve endings at bladder base, FIG 13. Future problems to be sol ved include how to more 
accurately diagnose a particular anatomical defect, precise pre-operative assessment of vaginal 
strength and elasticity, and Low surgical methodology must lake into account the long-term 
effects of ageing and scarring on connective tissue. 



INTRODUCTION 

Like any other organ the vagina cannot be re-created 
once it has been surgically destroyed. As living 
tissue, it is subject to age changes such as loss of 
elasticity, loss of structural strength, and to hormonal 
changes in pregnancy. As a birth canal, it may be 
structurally damaged, resulting in herniations and 
laxity. All these factors impact on the three functions 
of vagina and its supporting ligaments: 

1 ) as an elastic membrane, zee, FIG 3 connecting 
the urethral and bladder neck closure mecha- 
nisms, allowing them to function independently. 

2) as a transmitter of pelvic muscle contraction for 
opening and closure, FIGS 2 & 3; 

3) as a structural supporting membrane for the 

nerve endings at bladder base, preventing their 
premature activation, FIG 13. 



These three properties have the potential to oppose 
each other. The problem is solved in the living 
patient by active •Tine-tuning" of the structural com- 
ponents of vaginaby slow twitch striated niu scle. and 
nervous control of smooth muscle 

REASONS FOR SURGICAL FAILURE 
The tissues. 

We consider the increasing failure rate of inconti- 
nence surgery with time (103) as being principally a 
direct function of age-related changes in the vagina, 
due to increasing suburethral or posterior fornix 
laxity, or tightening of the supralevator vagina due to 
scamng, or even loss of collagen "glue" between 
pubococcygeus muscle and vagina. Difference in 

elasticity is dramatically illustrated by comparing 



PetroiAJlmucn 



42 



FIGS 7a and 7b. and FIGS 11 a and 1 lb. 

Tissue strength : the vagina naturally weakens with 
age (98). Surgical excision and stretching of the 
residual vagina also potentially weakens it (98). A 
double flap technique "double-breasting" (cf part 
IV), with diathermy to the superficial epithelium of 
the underlying layer, is a useful technique for avoid- 
ing tissue excision, repairing a herniation (cystocele, 
rectocele, enterocoele), and, at the same time, bol- 
stering the strength of the vagina. Used in the defini- 
tive version of our slingplasty procedure (cf part IV). 
it provides great strength to the vagina underlying the 
uretlira, and, at the same rime, appears to largely 
prevent "visco-elastic creep". 

Tissue elasticity : this is a store of energy (93) (99). 
If excessive vagina is excised, the remaining tissue is 
stretched against the restorative force i nherent in the 
vaginal tissue. This may cause the sutures to tear out. . 
especially if subjected to an additional force such as 
a coughing fit. 

Visco-elastic creep: even though there may be 
sufficient tensioning of vagina at the time of opera- 
tion, subsequent loosening may occur due to visco- 
elastic creep (93). Using double-breasted flap repairs 
may prevent "creep" and, at the same time, greatly 
increase the structural strength below urethra. Such 
and other alternative techniques based on normal 
function need to be developed. 

Zone cf critical elasticity (ZCE) (FIG 3): this must 
not be over-extended during bladder neck elevation 
or scarred during vaginal repair, repair of cystocele, 
etc. Any iatrogenic stretching of vagina, e.g. during 
bladder neck elevation operations may mechanically 
fix the vagina's elasticity at full extension, as per 
ZCE, . At the slightest movement of the pelvic floor, 
F2 may stretch the vagina to point X, FIG17, rapidly 
neutralizing F 1 , so that the urethra cannot be closed. 
Indeed, it opens on being given the signal to close! 
(tethered vagina syndrome). 

Circumstance* 

Excessive tension on the suture lines, e.g. from 
postoperative vomiting, coughing fits. falLs etc. and 



rarely, haematorna may cause failure, but infection 
appears to be a rare cause. Repair of one defect may 
concentrate the intraabdouiinal pressure/pelvic floor 
contraction on another subclinical^ damaged area of 
vagina, causing it to "blow ouf \ much in the manner 
of a perished bicycle tube. 

The surgeon. 

Incorrect diagnosis of the causative anatomical de- 
fect. This especially holds for urge symptoms/pelvic 
pain, which are often caused by a posterior fornix 
defect. There may exist more than one anatomical 
defect, or eveu pan of one. e.g. the anterior half of the 
suburethral vagina may be lax, whereas the posterior 
part may oe intact. 

Hysterectomy : suturing the vaginal vault from side 
to side, or by a purse string suture, including fixation 
of theuterosacral ligaments, would potentially avoid 
the postoperaii ve appearance of The "posterior fornix 
syndrome" and the dysfunctions inherent in this 
syndrome. 

Suburethral scarring : inappropriate scarring on the 
posterior surface of urethra may also "tether" the 
urethra preventing its closure by the periurethral 
striated muscles. As die periurethral muscles are 
situated anteriorly, they arc unlikely to be affected. 
We consider that such a "pipe stem"" urethra is 
restorable by dissection of the adhesions and plica- 
tion of urethra with fine sutures. 

Excessive vaginal tissue excision : We advise mini- 
mal excision of vaginal tissue, especially during 
repair of cystocoelc, vault prolapse, etc, as tissue, 
once excised, cannot be re-created. Excessive tissue 
excision may cause dyspareunia and the "tethered 
vagina syndrome". The dilemma here is that minimal 
tissue excision with conventional vaginal repairs can 
lead to subsequent operative failure from visco- 
elastic creep. Given that s&ch repairs may be per- 
formed with minimal disturbance under local anaes- 
thesia, rather than excise excessive tissue at the first 
operation, it may be preferable to advise the patient 
thai 2 subsequent tightening may he required. 
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SURGICAL APPLICATIONS ACCORDING 
TO TIDE CLASSIFICATION, FIG 2. 

Derect 1 suburethral vaginal laxity. 
Adequate elasticity must be maintained in the va- 
gina; the vaginal axis must not be altered during 
suprapubic incontinence procedures, anchoring, not 
elevation of urethra being the important factor. 
In its pure form with an intact (PUL), suburethral 
laxiiyisarrabtebyrirnpletigh^ 
vagina. Performed on an unselected group 01 pa- 
tients, success rate was less than 509b (1) (p41-42). 
Routine excision of a fairly large wedge of anterior 
vagina] wall has evolved historically, in order to 
anchor the urethra. Such operations rely solely on the 
inherent structural strength of vagina to support the 
urethra. Because of the requirement for elasticity in 
its structure, the vagina cannot on its own account 
provide a structural support if the ( P UL) is deficient. 
Such support is the function of a ligament. Therefore 
there should be no other expectation from a vaginal 
repair than io restore the urethral closure mechanism. 

Improvements to vaginal repair technique incorpo- 
rating a reconstruction of the pubourethral ligaments 
(PUL), ( 1 p57) have been devised. 

Even with creation of the (PUL) support, inadequate 
excision of vagina may result in recurrence of incon- 
tinence in up to 1/3 of patients because of "visco- 
elasric creep 1 \ Continence may be restored in these 
patients by further tightening of vagina. 

Incompetent urethra. 

We have previously described how the function of 
the smooth muscle sphincters of urethra is secondary 
to its insertion points in the vagina. Thus a lax vagina 
may predispose to a widened urethra. We have dem- 
onstrated on many occasions that opening the two 
vaginal wall flaps during the vaginal part of the TVS 
operation may result in uncontrollable urinary leak- 
age, demonstrating the importance of the urethral 
closure mechanism. 

Voginal repair versus bladder neck elevation. ( see 
also above) Simply re-creating the pubo-urethral 
ligament cured only 50% of patients with stress 



incontinence (1 ) (p53-59). Both suburethral tighten- 
ing of the voginal hammock (1) (p4l-42), and the 
creation of pubo-urethral ligaments are equi valently 
important, and need to be performed to cure most 
patients. Formation of an artificial pubourethral liga- 
ment by the IVS technique (cf part IV), is a very 
simple local anaesthetic technique which rarely 
fails structurally. Tightening the suburethral vagina 
. to the precise tension necessary to restore urethral 
closure without complications is far more 
difficult(cf section IV). 

Defect 2) - Tethered vagina syndrome. 

Surgical stretching of vagina alters both elasticity 
and tissue strength (94,95). Va&nal and inconti- 
nence surgery cannot be carried out in a vacuum, 
without consideration for the future effects of scar- 
ring and ageing on the vaginal tissue structures. 
Ageing narrows* the margin of elasticity for surgery 
due to loss of elasticity in the vagina. The importance 
of elasticity can be visually assessed by comparing 
FIG7a(elastic)with FIG 7b. (non-elastic), and also, 
FIG 1 la with FIG 1 lb. Except for FIG 7a, there is 
very little movement in the vagina in the region of 
the pubourethral ligament, point A. 

Wc have seen recurrence of incontinence 15 or 20 
years after successful incontinence surgery. V/e at- 
tribute this to age-related changes in the connective 
tissue of the vagina, particularly matrix, collagen and 
r.lastin components. Restoration of elasticity by 1- 
plasty , a type of Z-plasty, has been used successfully 
by us (1) (p63-67). Failure of this operation will 
occur if there is a net deficit of vaginal tissue in the 
anterior vaginal wall We have cured 1 2/1 6 largely 
failed I-plasty patients (68) with application of a free 
graft in the "zee", thereby restoring elasticity in the. 
bladder neck area of vagina. 

Defects 3 & 5) - pubourethral ligament (PUL)/ 
defective insertion of vagina into pubococcygeus 
muscle. 

These are the most serious defects as they invalidate 
the urethral closure mechanism. Point "A*\ FIGS 7a, 

7b, performs its fulcrum function far below the 
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bladder neck. The Intra vaginal Slingplasry (IVS) (ct 
pan IV) procedure works very well with the creation 
of an artificial ligameni directly behind the pubic 
symphysis, (1 ) (p56). Zacharin, ( 1 09) has developed 
a successful operation based on inserting a ribbon of 
rectus sheath in the position of the pubourethral 
ligament. 

It is important to emphasize that operations that 
anchor the vagina in the region of bladder neck 
potentially inhibit extension of that part of ZCE 
between PUL and bladder neck, constituting ap- 
proximately 50% of the «>ne of critical elasticity 
(ZCE). It is not surprising that postoperative urinary 
retention and difficulties with bladder emptying oc- 
cur so frequently with such opeiauons. 

Our intravaginal slingplasty operation (rVS), often 
performed without its vaginal component, has cured 
also young females of symptoms such as urge incon- 
tinence, nocturnal enuresis, faecal incontinence, dif- 
ficulty in evacuating the rectum, symptoms present 
since childhood. This has lead us to believe that 
defects 3 & 5 may also occur as congenital defects 
possibly causing nocturnal enuresis, and that the 
pubourethral ligament (PUL) also has an important 
role in ano-rectal opening and closure. 

Defect 4) • posterior fornix 
The process of bladder neck opening requires co- 
ordinated simultaneous contraction of the rectum 
and vagina, best seen in FIG 12b, so as to enable the 
bladder neck to be pulled open. There must be no 
laxity between anterior wall of rectum and posterior 
wall of vagina, i.e. a high rectocele, if present, also 
needs to be corrected, along with any enterocoele, or 
laxity in the uterosacral ligaments. Careful compari- 
son between FIGS 1 2a and 12b demonstrates that the 
fulcrum for angulation of the levator plate is actually 
the coccyx itself, which also angulates downwards. 
This indicates that IMA pulls against the whole 
length of the uterosacral bgarocnt (USL). This im- 
plies pre-existing laxity of the USL between rectum 
and coccyx may not be correctible by a posterior 
fornix repair in all cases, something consistent with 
uur clinical experience ( cf part IV ). It is possible to 
re-create the USL using the special lunnelJer to insert 
special removable tapes ( unpublished data). 



Hysterectomy and residual urine - transverse, sutur- 
ing of the vaginal vault ( 1 ) (p7 1 ), may cause incom- 
plete bladder emptying, and other aspects of the 
posterior fornix syndrome. Suturing the vagina) vault 
longitudinally, or with a purse string suture provides 
a stronger anatomical support for the vaginal vault. 

. In a study of 163 patients presenting with urinary 
incontinence, 59 gave a history of haying had a prior 
hysterectomy. A highly significant association was 
noted between a prior history of hysterectomy with 
high residua! urine* (p - 0.0042); also between high 
residual urine and "abnormal bladder neck opening" 
symptoms (p = 0.0003) ( unpublished observations). 
The results confirm that hysterectomy may cause 
abnormalities in bladder neck opening, and that high 
residua] urine may derive from abnormal bladder 
neck opening. Both may be related to laxity in the 
uterosacral ligaments. 

* *S0 mis. 

Congenital posterior fornix defect. We have seen lax 
and separated uterosacral ligaments causing stress 
and urge incontinence in nulliparous females. Often 
the symptoms arc worse prior to and during periods. 
This we attribute to the action of hormones and 
prostaglandins on the cardinal and uterosacral liga- 
ments (91). 

Conclusions and future problems to be solved. 

Which defect T We use our structured questionnaire, 
Appendix A, and characteristic clinical, radiological 
and urodynamic criteria as described to diagnose 
defects 1-6. A particular diagnostic criterion can 
never be infallible, because of the modifying impact 
of other structures, some of which have been detailed 

Quality of the tissues? Pre-operative use of a more 
sophisticated elastometer than in FIG 19b, should 
give vital information about the tethered vagina 
syndrome, and vaginal elasticity. Extensive studies 
will be necessary to correlate vaginal elasticity with 
tissue strength, and then to relate this data with 
surgical outcome. Because wc suspect thai the 

tissue strength may vary in different parts of 
the anterior vaginal wall, it may be necessary 
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to map more than one part of the vagina if adequate 
pre-opcrative guidance is to be sought with such 
techniques. Certainly these techniques would be 
more critical in the patient with aged tissues, but it 
must be remembered that adequate elasticity in a 
younger patient may be able hide a multitude of 
surgical sins today (e.g. excessive vaginal excision 
or elevation), but not necessarily tomorrow, when 
the tissues lose their elasticity. 

Which operation? Will there ever be one single, 
universal, easily reproducible operation? Unfortu- 
nately, given the classification, no. A good working 
knowledge of the Integral Theory may assist in the 
application of the various surgical methods outlined 
in pan IV. An intuiti ve awareness of tissue elasticity, 
and how to interpret the various diagnostic tech- 
niques outlined will be helpful Surgical methodol- ' 
ogy must take into account the long-term effects of 
tissue excision, scarring, and ageing on connective 
tissue, as these factors potentially alter the vaginal 
tension. Section IV describes someof the techniques 
which arepossible by applying the theory. Wecannot 
advise one set operation. Presently each surgeon has 
to adjust his/her techniques as best as possible to the 
principles here described, to the condition of the 
individual patient's tissues, and last but not least, to 
his /her surgical skills. 

Conservation of vaginal tissue. We recommend mini- 
mal excision of vaginal tissue. The operations listed 
in part IV are so minimally invasive, that a second 
procedure to adjust the vaginal tension if it is loo 
loose is now very much a viable option, and prefer- 
able to the large tracts of vagina previously excised. 

CORRESPONDENCE 

P.E. PAPAPETROS 
14 A/38 Ranelagh Crescent 
South Perth WA 6151 
Australia 

Fax: Gl-9^74 3766 
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APPENDIX A 

PATIENT QUESTIONNAIRE 

NAME 

ADDRESS 

TELEPHONE : 



DATE; 

DATE OF BIRTH: 
WEIGHT : 

NO. OF VAGINAL DELIVERIES ( ) 
NO. OF CAESAREAN SECTIONS ( ) 



DESCRIBE IN YOUR OWN WORDS YOUR MAIN URINARY SYMPTOMS AND DURATION: 
ALL SECTIONS : TICK APPROPRIATE SQUARE ( ) . Write extra details if you wish 



S.L SYMPTOMS 

DO YOU LOSE URINE DURING: 
SNEEZING 
COUGHING 
EXERCISE 
LAUGHING 
(1*) WALKING 

(2*) PICKING UP OBJECTS OFF THE FLOOR 

SYMPTOMS OF DEFICIENT EMPTYING 
(3*) DO YOU FEEL THAT YOUR BLADDER 

DOESN'T EMPTY PROPERLY? 
(3*) DO YOU EVER HAVE DIFFICULTY 
STARTING OFF YOUR STREAM? 
IS IT A SLOW STREAM? 



YES 

( 
( 
( 
( 
( 
( 



(3*) 
(3*) 



DOES IT STOP AND START INVOLUNTARILY? ( 



VOLUNTARY "CUT-OFF" 
(4*) CAN YOU INTERRUPT YOUR STREAM? 



( 



) 



NO 

C 
( 
( 
( 
( 
( 



50%or more 



URGE SYMPTOMS: 

DO YOU EVER HAVE AN 

UNCONTROLLABLE DESIRE TO PASS URINE? ( ) ( ) ( 
IF SO, DO YOU EVER WET BEFORE RFACHING 

A TOILET? ( ) ( ) < 

DO YOU FEEL URGENCY WHILE WASHING 

YOUR HANDS OR SHOWERING? ( ) ( ) ( 

(5*) DO YOU HAVE PAIN WHILE PASSING URINE? ( ) ( ) ( 
(6*) IN THE MORNING DO YOU WET BEFORE 

REACHING THE TOILET? ( ) ( ) ( 

HOW MANY TIMES DURING THE NIGHT DO YOU 

GET UP TO PASS URINE? - write number ( 

HOW MANY TIMES DO YOU PASS URINE DURING THE DAY? - write number ( 
DID YOU WET THE BED AS A CHILD? YES / NO 



(7a 
(7V 



so< 

(8- 
(9* 



pr: 

(10 

en 



02 



or- 



SE 
♦a: 

CO) 

I* 
2* 

3* 
4* 
5* 
6* 
7a 
7b 
8* 
9" 
10 s 
11 

12 : 
13= 



BOWEL SYMPTOMS: 
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(7a*) DO YOU HAVE PROBLEMS EMPTYING YOUR 

BOWELS? YES /NO 

(7b*) DO YOU EVER SOU. YOURSELF (FAECES)? YES /NO 

DO YOU HAVE ANY OTHER BOWEL PROBLEMS? ( DESCRIBE) 



SOCIAL INCONVENIENCE: 

(8*) ARE YOU "MOIST" ALL THE TIME? YES / NO 

(9*) DO YOU LEAVE PUDDLES ON THE FLOOR? YES / NO 

DO YOU LOSE URINE IN BED AT NIGHT? YES / NO 

DO YOU HAVE TO WEAR A PAD ON GOTNG OUT NEVER /SOMETIMES /ALWAYS 



PREVIOUS OPERATIONS: 

00*) HAVE YOU HAD A HYSTERECTOMY OR 

VAGINAL REPAIR (CIRCLE WHICH)? when? /NO 

(11*) HAVE YOU HAD PREVIOUS SURGERY FOR 

YOUR INCONTINENCE? when? /NO 

ARE YOU better OR worse SINCE? (CIRCLE WHTCH) 
(12*) HAVE YOU HAD AN "ANAL STRETCH" OR 

HAEMORRHOIDECTOMY? when? /NO 

YES NO 50*&or more 

(13*) PELVIC PAIN : 

DO YOU HAVE DEEP PAIN ON INTERCOURSE? ( ) ( ) ( ) 
DO YOU HAVE A PAIN DOWN AT THE 

BOTTOM OF YOUR SPINE? ( ) ( ) ( ) 

DO YOU HAVE A PAIN DOWN AT THE 

BOTTOM OF YOUR ABDOMEN? ()()() 
DO YOU FEEL TIRED AND IRRITADLE AT 

THE END OF THE DAY? ()()() 
SECTION BELOW** FOR OFFICE USE ONLY ( CONCLUSIONS / SUGGESTED DIAGNOSIS) 

* ASTERISK DENOTES THAT A PARTICULAR SYMPTOM MAY BE FREQUENTLY FOUND WTTH A FARTJCULAR 
CONDITION 

I * — low MUP with too loose or too tight SLV. 

2* — if thin is the only SI symptom,it is termed "paradoxical leakage", and must exclude tethered vagina 
syndrome in patients with previous vagina] surgery. 

3 * — USL, SLV, posterior vaginal wall laxity, but also after excessive bladder neck elevation . 

4 * — voluntary closure mechanism defective per se , but generally found in more major defects, e.g. PUL 
5* — exclude UTL chlamydia, etc. 

6* — tethered vagina with previous operation, but also PUL defect with no previous operation. 
7a* — may be due to defective PUL and /or rectocoele. 

7b* — defective PUL and /or anal mucosal prolapse ( descending perineal syndrome). 

8* — low MUP / usually with lax suburethral vagina or tethered vagina syndrome. 

9* — denotes defective PUL, but may be also due to defective CT "glue" between vagina/PCM. 

10* — must exclude USL defect 

II * — must exclude tethered vagina syndrome in patients without previous hysterectomy. 
12* — possible tom external anal sphincter. 

13* — USL defect 

** Copyright 
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APPENDIX B 

Force generated by the pubococcygcus muscle, FIG 
23. 

The pubococcygeus muscle generates a constant 
force (Fl) for a given stimulus (98). Force = Mxa 
where M= mass and a = acceleration. If M increases 
(higher urine volume), V decreases, as does the 
terminal velocity of the contracting muscle. If the 
vagina is loose some of the muscle force generated 
may not be transmitted, as X. may not be reached. 

Work generated by pubococcygeus muscle. 
PCM, FIG 23, must overcome the inertial force of 
graviiy^g" acting on the volume of urine. Calculat- 
ing from our data, the mean force generated by our 
patients was 92/16 x .109 x 9.8 Ncwtons = 6.14 
Newtons, where mass = 109 gms., g = 9.8. and 92/1 6 
represents the inverse of the fractional decrease in 
CTR. Based on the data from the stress extension 
curve in FIG 17 (93), the vagina requires to be 
elongated 80% so as to he able to transmit a contrac- 
tion without further extension, i.e. a force of 20 gm/ 
sq mm is required. Expressed as Newtons (Kg/sq M): 
.02 x 100 x 300 = 200 Newtons/sq M. Taking the 
vagina to be a cylinder, 12 cm long, and with a radius 
of 2 cm, total area of vagina is 2*r x 12 = 150 .8 sq 
cm. Taking the area of anterior vagina up to the 
bladder neck as constituting 1/4 of the total vagina, 
then the area of vagina effectively being tensioned by 
the forward movement of pubococcygeus muscle is 
150.8 /4 = 37.7 sq cm. Therefore the approximate 
force needed u> stretch the vagina to the point where 
ithas no more elasticity is 200 x .0037 = .74 Newtons. 
Trieref ore the total strength of the muscle contraction 
is 6.14 + .74 = 6.88 Newtons#. If it is accepted that 
the muscle contracts 1 5 cm forwards. The work is 
therefore FxDist. = .0992 Joules. 

Power generated by (he pubococcygeus muscle. 
If a cough occurs over 1 second, then the power 
generated averages out at .0992 W or 99.2 mW. An 
assumption was made mat the tension curve of the 
rabbit vagina was similar to the human. This is so for 
rabbit ureter, bladder and trigone, Yamada (93,94). 

According to Zacharin, (103) die distance between 
the insertion point of pubourethral ligament and the 
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symphysis pubis is 3 .5 cm in the cadaver. In the live 
patient (FIG 7a), The distance A-PS is clearly longer 
than 1.5 cm. so that the power generated would be 
higher. 

# we have made several assumptions: therefore this result is an 
approximation only. 
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PART IV- SURGICAL APPLICATIONS OF THE THEORY - 
DEVELOPMENT OF THE INTRAVAGINAL SLING PLASTY (IVS) 
PROCEDURE 

Key words: urinary incontinence; female incontinence surgery; 
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I. An anatomical basis for success and failure of female incontinence surgery. 

II. The development of the intravaginal siingplasty procedure: IVS II - (with bilateral "tucks"). 

III. Further development of the intravaginal siingplasty procedure: IVS III * (with midline "tuck"). 

IV. Further development of the intravaginal siingplasty procedure: IVS IV - (with "double-breasted" 
unattached vaginal flap repair and "free" vaginai tapes). 

V. Further development of the intravaginal siingplasty procedure: IVS V - (with "double-breastcd~ 
unattached vaginal flap repair and permanent sling). 

VI. The intravaginal siingplasty procedure: TVS VI - (further development of the "doubte-breasted" vaginal 
flap repair - attached flap). 

VII. The free graft procedure for cure of the tethered vagina syndrome. 

VTII. The posterior fornix syndrome: A multiple symptom complex of pelvic pain and abnormal urinary 
symptoms deriving from laxity in the posterior fornix of vagina. 



FOREWORD 

Our techniques for surgical correction of urinary 
incontinence are a direct application of the Integral 
Theory and its biomechanical derivations. Correc- 
tion of 5 of the 6 causative anatomical defects is 
described in this section. If theanatomical defects are 
correctly identified, the techniques described here 
have been demonstrated to cure stress racontmence, 
bladder instability, (when the cause is premature 
activation of the micturition reflex), non-stress non- 
urge incontinence in the elderly, and "leakage all the 
time'* from urethral incompetence. 

Re-creation of me pubourethral ligament, and tight- 
ening the suburethral vagina were f ound to be equally 
important for cure of sms& and urge incontinence 
(1). Recreation of the pubourethral ligament using 
the special tunneller rarely fails structurally. The 
instrument automatically positions the tape in Lhe 

precise position of the pubourethral ligament. For- 
mation of ihe anificial pubourethral ligamem ap- 



pears to be adequate using either Teflon or Mcrsilene. 
The development of the IVS operation in the subse- 
quent papers is therefore largely a story of the advan- 
tages and disadvantages of various techniques for 
anatomical correction of suburethral vaginal iaxity, 
how these techniques impact on the biomechanical 
concepts presented earlier, and how the compro- 
mised tissues impact on these techniques. As the 
tissues arc often frail and lacking in elasticity, the 
operations here described do require a precise surgi- 
cal technique. An intuitive understanding of vaginal, 
perivaginal and ligamentous tissues is essential for 
surgical success using our techniques, as structural 
strength and elasticity diminish with age. narrowing 
the margin for error with restorative surgery. The 
discipline of operating under local anaesthesie greatly 
enhances the surgeon's precision and intuitive sensi- 
tivity to tissues. 
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Operative failure using this new method is usually 
associated with: 

a) wrong diagnosis of the causative anatomical 
defect; 

b) tearing out of sutures 

c) loosening of the vagina by 'Viscoelastic creep 
(this may partly re- tighten after 6 months) 

d) scarring at bladder neck (if tissue excision ex- 
tends beyond bladder neck) 

e) especially in old ladies, decompensation of the 
tissues in the posterior part of vagina following 
strengthening of the anterior vagina by the 
Intravaginal Slingplasty operation. 

The First paper in this section deals with 3omc pres- 
ently existing techniques for surgical treatment of 
female urinary incontinence interpreted in the light 
of the Integral Theory. In the subsequent papers, a 
serial evolution of the IVS procedure is presented. 
Most of ihebiomechanical/surgical principles intro- 
duced in part TJI were empirically tested/derived 
within these procedures. We have found that the 
more evolved procedures as described in papers IV 
V and VI work quite properly with high primary 
success rate. Simultaneously they fulfill the criteria 
for "simple office procedures", i.e. the patient is 
operated under local anaesthesia without postopera- 
tive catherization and early return lo daily work. 
Ongoing randomised prospective studies will hope- 
fully identify which version is to be recommended on 
which specific occasion. 

Finally, it is obvious that this new method centres 
around the vagina, both meorerjcalry, and surgically. 
Though wc are both gynaecologically, trained, we 
both believe, unequivocally, that these new tech- 
niques should be practised equally by INTER- 
ESTED urologists and gynaecologists, both of 
whom win need to adapt to the new concepts of 
vaginal conservation. We do not consider that the 
actual surgical techniques are difficult to learn. The 
important thing will be understanding the theory and 
biomechanics so that proper diagnosis and surgical 
correction may be made. Other than correct and 
precise re-creation of the ligaments \ the fine points 
of technique wiD necessarily depend on the indi- 
vidual surgeon. We suggest that whatever technique 



is used, the patient must be told that, because of the 
decompensated nature of the vaginal tissues, failure 
may occur in up to 20%, so that a subsequent adjust- j 
ment to the vaginal tension may be necessary. 1 

* we emphasize the importance of oan* the special tunneller here. 1 
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ORIGINAL ARTICLE 



AN ANATOMICAL BASIS FOR SUCCESS AND FAILURE 
OF FEMALE INCONTINENCE SURGERY 

PE PAPA PETROS, MB BS Dr Med Sc MRCOG FRACOG Dept of Gynaecology Royal Perth 

Hospital Perth, Western Australia 

and 

• U Ulmsten, MD PHD Dept of Obstetrics and Gynaecology Uppsala University Akademiska 
sjukhuset Sweden 

ABSTRACT 

The reasons why surgical procedures for cure of stress incontinence succeed and fail are 
outlined, with special reference to the various anatomical defects in the vagina and its supporting 
ligaments which may cause defective bladder neck opening and closure. 



INTRODUCTION 

This analysis is based on the consideration that it is 
the lensioned vagina which opens and closes the 
bladder neck (1), and that laxity in the Yagina or its 
supporting ligaments may cause symptoms of stress 
incontinence, urge incontinence or inability to initi- 
ate micturition. 

In the normal patient 

"Resting closed position" (FIG 1). The vagina is 
suspended anteriorly by the pubourethral ligament 
(PUL)(2). superiorly by the arcus tendinaeus fasciae 
pelvis, (3), and posteriorly by the uterosacral liga- 
ment (USL) (1). The slow twitch muscle fibres 
tension the vagina against its supporting ligaments, 
like the membrane of a di uiu, puboaxxy geus muscle 
(PCM) pulling the vagina anteriorly, levator plate 
(LP) posteriorly, and the longitudinal muscle of the 
anus (LMA) inferiorly. 

"Acrrve closed**. Fast twitch contraction forward of 
'PCM) pulls the two ends of the ascending vagina 
(Figure 1) tightly around the urethra, closing it off 
and immobilizing it while (LP) and (LMA) pull the 
bladder do wn and back like an elastic balloon, kinking 
off and closing off the urethra as you would close off 
a hose. At the same time, the stretched vagina sup- 
ports the nerve endings (N) at the bladder base. By 
supporting these nerve endings it prevents the pre- 
mature activation of the micturition reflex. For these 



opposite muscle movements to occur, there needs to 
be sufficient elasticity in the bladder neck area. This 
is called rhe "zone of critical elasticity** (I). Loss of 
elasticity here may cause the forward movement of 
vagina to be cancelled out, leaving the bladder neck 
in the incontinent "open position", (Figure 1) . 

"Open position". 

With bladder neck opening, exactly the same muscle 
movements occur as in bladder neck closure, except 
that (PCM) relaxes during opening. As part of the 
micturition reflex, (PCM ) relaxes. This allows (LP) 
and (LMA) to uninhibitedly pull at (X), opening the 
bladder base, creating a "funner, enlarging the ure- 
thral oudet At the same time, this stimulates the 
nerve endings (N), activating and reinforcing the 
micturition reflex. 

In the patient with bladder dusfunction 

Stress/urge incontinence 

may result from laxity in the vagina or its supporting 
ligaments. Loss of the drum like tensioning may 
cause defective closure (stress incontinence), or de- 
ficient inferior support for the nerve endings (N), 
leading to premature activation of the micturition 
reflex, (urge incontinence, or "bladder instability"). 
It is possible for voluntary contraction of the pelvic 
floor to reverse this reflex by tensioning the vagina, 
thus supporting M >T from below (I). Motor urge 
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HCI ACTIVICtOtED 

Bladder neck opening and closure. 

This is a 3 dimensionaJ schematic representation of the bladder and urethra lying inside the anterior vagina! well 
f hammock J. The broad arrows indicate the muscle forces exened on the anterior vaginal wall, tensioning it like Die 
membrane of a drum. " 

PUL = pubourethral bgarnenu USL = irterosacral UgamenL M N" = specialized nerve endings ax the bladder base "X" = 
veMcovag^ Jigarnent PCM = pubococcygeus muscle, LP = levator plate, LMA = longitudinal muscle of the anus. The 
broken lines indicate the resting position of the bladder. 

The objective of every operation is to convert "open" (incontinence during effort) to "active closed" 
(continence dunng effort). 
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incontinence is considered to be an end -point of urge 
incontinence, whereby patients cannot reverse the 
micturition reflex by upward tension from the volun- 
tary closure mechanism (1). 

Defective opening 

may also result from a lax supralevator vagina. It 
may be expressed as difficulty in initiating micturition, 
stopping and starting, low flow, and high residual 
urine, due to inability to sufficiently stimulate *W 
( 1 ). Laxity in the uterosacraJ ligaments dissipates the 
contraction of LMA. FIG 1 , preventing proper fun- 
nelling into the "open" position, and therefore not 
sufficiently activating the nerve endings'W so as to 
initiate micturition. Residual urine may thus be simply 
an end-point of this inability to open the bladder. 

THE ANATOMY OF SURGICAL SUCCESS 
AND FAILURE ACCORDING TO (I). 




FIG 2 

Vaginal repair. 

Upper diagram: the interrupted lines correspond to the 
wedge excision (K). Kelly Repair, of the anterior wall of 
vagina. The vaginal "tuck** procedure is indicated by the 
cross-hatched area "(IT. Bl « bladder, U = urethra. The 
lower diagram represent* a cross-section taken at the 
level of the rnid-ureihra. (PCMA) = pubococcygeus 
muscle (CU) = cresta urethral*, (PUSM) = periurethral 
striated muscle. The vecior forces from (PCMA) arc 
shown in [he bottom right hand corner. 



VAGINAL REPAIR 

Norma} urethral closure: (FIG 2) Contraction of the 
anterior portion of pubococcygeus muscle (PCMA) 
pulls the cresta urethrabs (CU) towards the periu- 
rethral striated muscle (PUSM) by tensioning the 
vagina (V #. at the same time anchoring the insertion 
of the periurethral striated muscle (PUSM). (PUSM) 
contraction seals off the urethra. 

Vaginal laxity; This will not allow the pubococcygeus 
muscle to create the tympanitic membrane to close 
off the urethra and to allow the bladder neck closure 
mechanism to operate (FIGS K 2). What a vaginal 
repair does, is take out some of this lax tissue, so that 
the muscles acting on the vagina can now stretch it 
sufficiently to close off the urethra (Figure 2 inter- 
rupted lines). Therefore, a vaginal repair (Kelly 
procedure (4)) restores this component of the ure- 
thral closure mechanism. H follows that there should 
not be other expectations of a vaginal repair. The 
.same effect can be achieved by doing a midline 
incision with a scalpel stopping just short of the 
bladder neck, dissecting laterally and excising a 
much smaller segment of vagina(*T\ F1G2). and 
suturing it with horizontal mattress sutures. This 
procedure is easily performed under local anaesthe- 
sia as an office operation. It is possible to prevent 
postoperative retention in vaginal repair operations 
by stopping the suburethral incision one centimetre 
short of the bladder neck. The vaginal repair is an 
important part of the surgical armamentarium, as it 
restores the urethra) closure mechanism (1). 

Failure of vaginal repair operations. There may be 
other anatomical defects, e.g. USL, PUL defects etc.. 
FIG I. The vaginal repair itself may cause failure. 
Insufficient tissue may he excised. Alternatively, 
creation of a rigid scar across the bladder neck may 
ca use the more powerful (LP) and (LMA ) muscles to 
cancel the forward movement of PCM needed for 
urethral closure (FIG I). The end result is an open 
instead of a closed position for bladder neck on 
effort. This condition has been designated as "the 
tethered vagina syndrome" f5). 

The typical sequence is: as soon as the patient 's foot 
hi us the floor, the levator plate has to contract to keep 
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the intraabdominal contents in place. The forward 
movement of PCM necessary to close bladder neck 
is "tethered" by LP FIG 1 , the bladder neck remains 
open and the patient wets all the way to the toilet. 

ABDOMINAL PROCEDURES. 




CoJposuspension operations. 
The upper diagram represents a sagittal section of the 
bladder and vagina in a patient who has had a 
eolposuspension. "C represent* the bony attachment 
point, and ~X" the vaginal attachment point. The lower 
diagram represents the elevated (stretched) onierior wall 
of vagina (V) and bladder (B I )viewed from behind, and 
indicates how elevation can tighten a lax vagina by 
elongating it. (RS) = Rectos Sheath; (B) = Posterior 
Fornix; (PS) = Public Symphysis. 



Colposuspcnsion operations (FIG 3) aiichnr the 
proximal urethra by elevating the vagina in the 
bladder neck region and attaching it directly to the 
periosteum of the pubic symphysis (6), Coopers 
Ligament (7) using a permanently implanted nyton 
suture either sutured into vagina, (8), or by anchoring 
it in a square piece of dacron (9). Elevation tightens 
the suburethral vagina by elongating it and it fixes the 
bladder neck allowing the bladder neck closure 
mechanism to operate. If there is sufficient elasticity 
in the anterior vaginal wall to permit the opjjosite 
muscle movements to occur, (FIG 1), these opera- 
tions work well. If, however, (C-X) is too tight, and 
the funneling necessary for bladder neck opening. 
(FIG 1), cannot be achieved, there may be flow 
defects and urinary retention, sometimes permanent 
(10). The elevation may also chronically stimulate 
"r>T . Fig L creating new incidence of urgency in 
these procedures. 

The potential exists for anatomical distortion in this 
operation. In the long term this may create severe 
problems, because connective tissue is not a static 
substance. As concerns the crossbonding of collagen 
fibrils, k is known thar the inter and intramolecular 
cross-bonding increases with age (11), making the 
connective tissue less elasti c and more brittle. Exces- 
sive stretching of old tissues during bladder neck 
elevation procedures is more liable to rupture the 
elastin component, causing them to lose much of 
theii structural integrity, resulting in an extreme 
form of the "tethered vagina syndrome" ( 1 ). Opera- 
tive failure may also occur yean later due to age - 
related loss of elasticity and contraction of scar 
tissue, again resulting in the tethered vagina syn- 
drome ( 1 ). Pulling the vagina upwards may elongate 
the uterosacral ligaments, accounting for the up to 
7.6% incidence of enterocoele, (7). 

Use of non-autologous materials and slings. Nylon 
and Dacron patcbes(S) (9), may irritate the tissues to 
form granulation tissue, discharge and of course 
chronic suprapubic pain (12). 
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FIG 4 

Sling operation*. 

This figure represents a 3 dimensional view of the 
suburethral vagina and the bladder in an Aldridge Sling 
operation looked at from behind. Strips of rectus sheath 
(RS) are configured below the urethra (dark heavy lines). 
The heavy interrupted arrow represents the vector forces 
from levator plate (LP), and longitudinal muscle of the 
anus (LMA). "N" = specialized nerve endings at the 
bladder base, "X** - vesicovaginal ligament, (PCMA) - 
anterior portion of pubococcygeal muscle. 



However, as the bladder neck is forcibly restrained 
againstin voluntary opening, it is also forcibly stopped 
from funnelling, FIG 1, during micturition. There- 
fore* urinary retention, slow flow, and difficulty 
initiating rructurition are common features of these 
operations ( 1 5). These operations require skill, judg- 
ment and luck, as subsequent muscle and scar con- 
traction may result in transection of the urethra. 
Herniation may occur at the site where the fascia has 
been taken. Using nylon (Zocdlci) (1 5) or dura mater 
(Lyodura) (15) lessens the dangers of incisional 
hernia found with the Aldridge operation, but in- 
creases the chances of transecting the urethra, espe- 
cially in unskilled and inexperienced hands. 

Summary of problems with abdominal operations: 
Ihey are major procedures with the potentiality for 
causing haemorrhage, thrombosis, and prolonged 
hospitalization (10). With a Stanley and Peyrera 
operations there may be also suprapubic pain. In- 
dwelling catheterization for several days is a feature 
as is urinary retention, flow problems, and urgency. 
The long terra failure rate may be as high as 40% 
accoiding to a comprehensive literature survey { 1 6). 

CORRESPONDENCE: 
P.E.PAPA PETROS 
14A738 Ranelagh Crescent 
South Perth WA 6151 
Australia 

Fax:61-9-474 3766 



Sluig Operations 

The Aldridge sKng operation (13), is often used in 
cases where bladder neck elevation procedures have 
failed. Tf a sling is placed as indicated in FIG 4, the 
bladder neck will be forcibly restrained so that the 
bladder neck closure mechanism can operate. The 
proximal urethra is directly immobilized, preventing 
the activation of "N", FIG 1, and the nucturilion 
reflex, rjermitting cure of unmhlbited detrusor con- 
n-actions (14). Note how the sling provides a fulcrum 
allowing the (PCMA) to activate the urethral closure 
mechanism, and (LP) and (LMA) to activate the 
bladder neck closure mechanism. 
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THE DEVELOPMENT OF THE INTRAVAGINAL 
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ABSTRACT 

A new local anaesthetic procedure, the intravagina) slingplasty operation performed with 
bilateral "tucks" was performed on 39 patients with stress incontinence, and 18 patients with 
urge incontinence. The operation is performed through a 1 -2 cm suprapubic incision and works 
by creating an artificial pubourethral ligament and by tightening the suburethral vagina. The 
primary operation cured 64% of 39 patients with stress incontinence, and 90% of 18 patients 
with urge incontinence. A minor surgical adjustment to the vaginal wall tension in the failed 
SI group at a later date improved the 15 month success rate to 90%. 

This procedure is promising in that it is minimally invasive, does not require postoperative 
catheterization, and allows return to work within 7-10 days. 

The results emphasize the importance of the pubourethral ligament and adequate suburethral 
vaginal tension for adequate bladder neck closure, and the effect of bladder neck scarring in the 
causation of urinary incontinence. Further development is required. 



INTRODUCTION 

A new ambulatory surgical procedure performed in 
two stages was recently reported, the Intravaginal 
Sling Procedure (TVS D,(l). Stage 1 consisted of an 
adjustable sling operation. This primary procedure 
cured 50% of patients. Stage 2 was performed on the 
50% of patients who failed to be cured by the sling 
operation, and consisted of tightening of the 
suburethral vagina by excision of leaf-shaped seg- 
ments of vaginal epithelium (tucks). This improved 
the success rate to 82.5%. Both procedures also 
simultaneously cured pre-existing urge symptoms in 
almost all patients cured of their stress symptoms. 

There was no new incidence of urgency. 



Experimentally^), theStage 1 operation was shown 
to accurately create an artificial pubourethral liga- 
ment. Radiological ly (1 ) it was shown to support the 
bladder neck on straining with no post operative 
bladder neck elevation, implying that tape insertion 
per se, and not elevation by the sling was responsible 
for return of continence. 

On the basis of these results, it was decided to 
perform the next group of operations where possible, 
entirely under local anacsthesia/midazolam, and to 
perform the 'luck" procedure simultaneously with 

the insertion of the tape. 
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PATIENTS MATERIALS AND METHODS 
Fifty-seven patients with no previous history of 
incontinence surgery were referred for treatment of 
urinary incontinence. Stress incontinence (SI) was 
objectively the major incontinence problem in 39 
patients, whereas urge incontinence symptoms were 
dominant in the remaining 18 patients. Age ranged 
from 25 to 72 years (mean 50.5), parity, I to 5 (mean 
2.5). and weight from 53 to 105 kg (mean 68 kg). In 
the first instance, all patients had an intravaginal 
sJi ngplasty procedure performed, according to Fig 2. 
Owing to inadequate continence control. 13patients 
bad a further vaginal adjustment performed between 
3 and 6 months after the primary operation. The 
adjustment aimed to either tighten the suburethral 
vagina (mck), or to loosen an excessively tight blad- 
der neck, (I-p!asty) (5). 

Diagnostic procedures. All patients were assessed 
pre opcrativcly, and where possible postoperatively, 
with full history (questionnaire and interview), and 
physical examination, standing lateral x-ray in rest- 
ing and straining positions, with a dye Riled Foley 
catheter. Exercise pad tests were also carried out, 
including coughing (xlO) and star (scissor) jumps 
10), with 500 mis. instilled methylene blue saline. 
Urine loss was quantified after each exercise by pad 
weighing. In addition to the above, supine filling 
cystometry, urcthraj pressure profiles, cough trans- 
mission ratios, and urodynamic flow/pressure tests 
were performed. Cure of SI was defined as less than 
0.5 gm of urine on pad testing. In the small number 
of patients who, for different reasons were not objec- 
tively tested, anything other than a small occasional 
urine loss with coughing or sneezing was defined as 
a failure. Cure of urgency was defined as sympto- 
matic disappearance of urge symptoms, and the 
objective cure of urge symptoms/urine loss on pro- 
vocative testing. 

Surgical procedure. The IntravaginaJ Slingplasty 
was performed under local anaesthesia/midazolam. 
No preoperative antibiotics were used The patients 
were placed in the li thotomy position. At least 50 mis 
of 0.25 prilocaine with J/200,000 adrenalin, was 
injected suprapubically into the skin, fascia of the 
rectus abdominis, and 30-40 mis into the vaginal 
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mucosa and paraurethral tissue extending to behind 
die inf erior surface of pubic bone. 




FIG J 

Insertion oftunncller. 

The conical head is tightly controlled against ihc 
posterior surface of the pubic symphysis. The bladder U 
pushed down and away from the instrument 

After the bladder had been emptied, a straight intro- 
ducer was i:i.serted into a transurethral^ inserted 
Foley catheter, FIG 1. A 1.5 cm incision was made in 
the mid-line just above the superior aspect of the 
pubic symphysis. Using a scalpel, two siua^l vertical 
incisions weremade laterally 1 cm inferior to the line 
of external urethral meatus, a special tunneller FIG 1, 
brought out over the superior surface of the bone into 
the skin incision, and a specially prepared 0.5 x45 cm 
Mersilenc tape inserted as described previously (1 ). 
(2), (6). Tbe procedure was repeated on the 
contralateral side. Just prior to removal of the tunnel- 
ler, tbe bladder was filled with 250-300 mis of saline, 
and a cystoscopy performed before proceeding fur- 
ther. Bilateral paraurethral, leaf-shaped excisions of 
vaginal tissue, (-tucks"), 4-5 cm long by 0.5- J cm 
wide were made (7), FTG 2. 
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FIG 2 

The intra vaginal slingplasty procedure with bilateral 
"tucks". 

T = "tuck*': 1 = incision in anterior abdominal wall; B'.. « 
bladder; RS = rectus sheath; AVW = anterior vaginal 
wall; FVW = posterior vaginal wall. 

The 2 limbs of the inverted U U" thus descended 
through the sheath, behind the symphysis, and exited 
into the vaginal cavity where they were trimmed and 
left frcelypiotruding, FIG 2. The cut edges of vagina 
were approximated with interrupted No 1 Dcxon, 
and the suprapubic wound closed. Postoperative 
catheterization was routinely omitted in these pa- 
tients. The tape was painlessly removed per vaginam 
as an office procedure 6 to R weeks later by cutting 
one end level with the vaginal mucosa, and pulling 
on the other. In the last 10 patients, care was taken not 
to extend the incisions beyond the bladder neck. All 
failed procedures due to excessive looseness were in 
this group. 

Subsequent vagina! adjustment procedures. Patients 
with recurrence of stress symptoms had a second 
minor procedure performed, either suburethral tight- 
ening ("tuck"), or I-plasty(5) p 63-67). 

l-plasry procedure. This procedure was performed 
on 7 patients, and has been described elsewhere. 



Essentially, it consists of a 3-1.5 cm longitudinal 
incision in the vagina at the region of bladder neck, 
separation of vagina from the bladder serosa by wide 
lateral and posterior dissection, and resuturing of the 
incision horizontally. This manoeuvre effectively 
increases the amount of vaginal lissue in the bladder 
neck region. It was also performed under local anaes- 
thesia/ midazolam, with 300 mis of normal saline in 
the bladder, so that the accuracy of the adjustment 
procedure could be checked by coughing during the 
operation. 

"Tuck" procedure. This procedure was performed 
on 4 patients. Under local anaesthesia/midazoJam, 
the bladder was filled with 300 mis of normal saline. 
In order to estimate how much tissue to excise for 
return to continence.the vagina was grasped 
paraurethral^ with Littlewood's forceps ("Pinch 
Test") (8), and the pauent asked to cough until 
continence was achieved. The "tuck procedure H was 
then repeated as above. Sufficient vaginal lissue was 
excised on both sides to ensure that continence was 
obtained. 

RESULTS 

Contact was maintained with all patients. 
Table 1 

Results - stress incontinence group 




1 taperejecrion | ;9tethered : | 4 laxity 
\ vagina j 



j 7 I/plasty 
(2 failures)! 



3 tucks j 
(1 failure j 



Row chart indicating the reasons for failure and 

results of subsequent surgical corrections. Cure 
rate after adjustment - 90%. 
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Stress incontinence group. The results are sum- 
marized in Table J. The minimal postoperative as- 
sessment period was 12 months, (mean 15 months). 
Total preoperative urine loss (57 patients), was 396.3 
grams (mean 6.95 gm urine loss per patient), as 
compared to a total of 5.6 grams postoperatively in 
the 37 cured patients who were able to be tested 
(mean 0. 1 5 gra urine loss per patient). Cough trans- 
mission ratio improved from a preoperative average 
of 70% to 87% postoperatively; preoperative maxi- 
mal urethral pressure was 40.5 cm H20. and this 
remained essentially unchanged postoperatively. 
Only one patient amongst those who failed was noted 
to have preoperative DI. There was no elevation of 
the bladder neck noted in any of the patients exam- 
ined radiologically postoperatively. 

A subsequent adjustment. Table 1, improved the 
total success rate to 90%, as determined by objective 
testing. Where both stress and urge symptoms were 
present, the operative cure of SI resulted in the 
simultaneous cure of both symptoms in the vast 
majority of patients. There was no new incidence of 
urgency in this study. Postoperative catheters were 
not used, and there was no postoperative urinary 
retention in this study. 

Urge incontinence group. 
All 1 8 urge incontinence patients were fuDy assessed 
posioperarively urodynamically, radiologically, and 
by pad testing. Sixteen patients were cured of then- 
urge incontinence with the initial procedure, indicat- 
ing a cure rate of almost 90% over a minimal period 
of 18months. Only4ofthe 16 patients were noted to 
have preoperative "detrusor instability" (Dl), as de- 
fined by a 1 5 cm H20 rise in bladder pressure on fast- 
fill supine cystometry; average maximal urethral 
pressure was 53 cm H20; preoperative cough trans- 
mission ratio averaged 96%. All 16 cured patients 
were tested postoperatively. Four of these were found 
to have completely asymptomatic detrusor instabil- 
ity on urodynamic testing, and in only one patient 
was it present prcoperaiively. 

Flow. 

In both the urge and SI groups, the average 



preoperative urine flow was 28 mis/sec while post- 
operative flow was 26 mis/sec. 
Complications. 

Two patients developed suprapubic abscesses after 
tape removal. These were successfully treated with 
oral antibiotics. The bladder serosa was perforated 
anterolateral^ by the tunneller on 2 occasions, and 
was recognized intraopcrativcly by the blood stained 
urine and by cystoscopic examination. The tape was 
withdrawn and reinserted without any complica- 
tions. The catheter was left in overnight in these 
patients. Half of the patients reported a painless 
discharge which disappeared immediately the tape 
was removed. Some suprapubic discomfort was en- 
countered by the 4th postoperative week in 25 % of 
patients, requiring early removal of the tape, in one 
instance. 31/2. weefcs after insertion, without com- 
promising the end result. 

Operation characteristics. 
(Slingplasty): operating lime: 20-40 minutes: post- 
operative hospital stay: 6 to 24 hours; return to work: 
2 to 10 days with no special precautions other than 
refraining from excess effort and intercourse; post- 
operative catheterization: nil. 

DISCUSSION 

Restoration of function by slingplasty: A lax vagina 
may not be able to achieve the "active closed posi- 
tion , \ so that the bladder neck remains "open" FIG 3, 
and the pan em is susceptible to urine loss with stress. 

Insertion of a tape (T), FIG 3 in the position of the 
puhourethral ligament (PUL) creates an artificial 
neoligamenu against which PCM and LP can pull to 
close off the bladder neck. 

Stress and urge symptoms may both derive from the 
seme anatomical defect. Surgical cure of both stress 
and urge incontinence appears to confirm the main 
statement of the Integral Theory, (3), which stales 
that the same anatomical defect, vaginal laxity at the 
bladder base, may cause both stress and urge incon- 
tinence. There was no new incidence of urge symp- 
toms following this procedure, and no correlation 
was noted between preoperative detrusor instability 
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ACTIVE CLOSED 



FIG 3 

How the slingp tasty restores norma) function. 

Reaction to "T' creates an artificial PUL fulcrum against which PCM and LP can stretch the vagina, to convert 
"OPEN" (Incontinence) to "ACTIVE CLOSED" (continence). 

Normal resting closed position: The anterior vagina is suspended superiorly by the arc us tendinous fasciae pelvis, 
anterxjrly by the puboorethral ligament (PUL). and posteriorly by the uterosacral ligament (USL). The anterior vaginal 
wall (V) is attached to the bladder by the vesicovaginal ligament at (X). (N) * nerve endings at the bladder neck. (T) = 
Mersilene tape. 

The arrow pointing to the left represents the forward contraction of the anterior portion of the pubococcygcus muscle 
(PCM). Thi arrow pointing to the ri^ht represents ihe backward contraction of the Irwtor plate (LP) and the arrow 
pointing down represents the downward contraction of the longitudinal muscle of the anus (LMAK pulling down the 
levator plate. The position of the bladder in the "resting" position relative to that in the * open" or "active closed' 
position is indicated by broken lines. 
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and operative failure as suggested previously, (9). 
Wc attribute this lo the bladder neck not being 
elevated. Wc attribute new incidence or bladder 
instability to irritation of "N w FIG 3 from below by 
the elevation process. 

Aspects of tape implantation. The operation is con 
verted to a minimal local anaesthetic procedure by 
means of the "tunneller". The design of the tunnellcr 
confers in-built safety to the procedure. The rigid 
tunneller ensures that there can be no wandering 
medially or posteriorly on insertion, towards the 
trigone or ureter. Perforation, on the rare occasions 
when it has occurred, has invariably been in the 
superolateral aspect of the bladder. In these instances, 
removal of the tape was much the same thing as 
removal of a suprapubic catheter. The presence of the 
tape facilitates drainage even when an infected 
haematoma forms . Our previous experimental ani- 
mal studies (2). showed a far denser reaction at the 
vaginal end than the abdominal end with retropubic 
i mplantation of the tape. On this basis, it was consid- 
ered that the potential problems of postoperative 
"weeping* suprapubically, and abscess formation 
could be solved by implanting the tape as two vertical 
pillars. This option is presently being pursued. 

Relevance of dy functional anatomy to cough trans- 
mission ratio( CTR) and urge symptoms. We at- 
tribute the improved CTR in thosepatients with SI to 
tightening of the suburethral vagina (3). The low 
preoperative CTRin the SI patients is consistent with 
our concept (3XthatSI is caused by adiitct mechanical 
defect, a result of vaginal laxity. In the group with 
predomi nantly urge and few SI symptoms, the former 
are neurological ly derived, being principally due to 
lack of inferior support for these nerve endings. 
Premature activation of these nerves may occur with 
a much more minor anatomical defect This is re- 
flected in a high pre-operative CTR. The aim of our 
surgical intervention was to restore the vaginal ten- 
sion, restoring the mechanical closure mechanisms 
and, at the same time, supporting the nerve endings 
"N M , preventing premature activation of the mictu- 
rition reflex. 



Effect afscarnng/laxiiy at bladder neck. Adequate 
elasticity is required in the bladder neck region of the 
vagina for bladder neck closure to occur, (3). The 
high incidence of the 'Tethered Vagina Syndrome" 
was probably due to scarring by the **tuck" incisions. 
This converts the vagina at bladder neck into a rigid 
connecting scar. On receiving the signal to dose. U\ 
FIG 3, prevents PCM from closing the urethra. The 
bladder neck remains in the "open" position. This 
gives rise to the characteristic symptom of this con- 
dition, painless loss of urine prior to arrival at the 
toilet (5). This concept was proven by restoring 
elasticity in the bladder neck region of the vagina by 
a minor plastic operation, "I-plasty" (5). It was 
concluded from this, that in future, the vaginal inci- 
sions should not proceed beyond the bladder neck 
region in order to minimize scar formation. 

Conclusions. 

Thissiudy indicates how starring in the bladder neck 
area of vagina may complicate female incontinence 
surgery. It also indicates that such scarring is poten- 
tially reversible, given that there is sufficient tissue to 
perform a z-plasty type of procedure (J -plasty) for 
restoration of tissue elasticity in this area, underlin- 
ing the importance of conserving vaginal tissue when 
performing vaginal repairs. 
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PJB.PAPA PKTROS 
J4A/38 Ranelagh Crescent 
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Australia 
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ABSTRACT 

Thcintravaginal slingplasty operation (IVS IE), was performed under local anaesthesia on an 
unselected group of 39 patients, mainly with pure stress or mixed incontinence. The artificial 
pubourethral ligament was created by insertion of two parallel columns of tapes. Trie 
suburethral vagina was tightened by excision of a midline segment of vagina not extending 
beyond bladder neck. At 1 2 months, iheprirnary operation cured 70% of the stress incontinent 
symptoms, and 85% of the urge incontinence symptoms. A minor surgical tightening of the 
vaginal wall at a later date improved the total cure rate to 8) % for SI. Operative failure was 
principally attributed to "visco-elastic creep**, a subsequent loosening of vaginal tension. 
Further development is required to improve the primary cure rate. 



INTRODUCTION 

The intravaginal slingplasty (IVS) procedure (J) 
with large bilateral -tucks" failed probably because 
scar tissue from the bilateral "tucks" extended over 
bladder neck, preventing bladder neck closure, and 
causing theTethered Vagina Syndrome", (2). 

The main conclusions from the IVS study with large 
bilateral "tucks" was that the vaginal pan of the 
procedure should not extend beyond bladder neck, 
and that die tapes would be inserted as 2 parallel 
columns so as to prevent abscess formation after 
removal of the tapes. So as to minimize the amount 
of scarring in the bladder neck pan of vagina, it was 
decided to perform a single midline incision, similar 
to that made in a Kelly repair up to, but not extending 
beyond, bladder neck. 



PATIENTS MATERIAL AND METHODS 
Patients An unselected grmip of 39 patients with a 
history of urinary incontinence were treated. Pure 
stress incontinence was objectively the major incon- 
tinence problem in 12 patients, pure urge inconti- 
nence symptoms in 2 patients, and painful urge 
symptoms in one. The remainder had mixed symp- 
toms. Age ranged from 30 to 87 years (mean 55), 
parity 0 to 14 (mean 3.5), and weight from 48 to 1 15 
kg (mean 66kg). In the first instance, all patients had 
an intravaginal slingplasty with a single midline 
4 tuck' procedure performed, FIG ! . Owing to inad- 
equate continence control, 10 patients had a further 
vaginal tighlenmgperforrned between 1 and 3 months 
after die primary operation. 



Pctrvx/Ulmsicn 



70 



Diagnostic procedures. The test schedule was that 
the patient* emptied their bladder first thing in the 
morning, took a vitamin B tablet containing 50 mg of 
riboflavinc so as to stain the urine dark orange, drank 
between 1 and 2 glasses of water prior to departure, 
and presented for testing with a loleraoly full blad- 
der. Where possible, a further 1 or 2 glasses of water 
were ingested on arrival. The patient was initially 
tested for stress incontinence by placing a perineal 
pad over her vulva, and asking her to cough 1 0 rimes. 
Then she was asked to perform, if possible. 10 star 
jumps, (scissor jumps). The pad was examined at the 
end of each test and weighed if there was any stain- 
ing. Urcthrocystometry was performed essentially 
according to the method of Asmussen and Ulmsten 
(3),and included provocation with a straining, **cut- 
ting-ofT and hand -washing. 




no ; 

Toe intra vaginal slingplasty procedure with midline 
"tuck". 

T = "luck"; I = incision in anterior abdominal wall; BI. « 
bladder; RS = rectus sheath; AVW = anterior vaginal 
wall; PVW = posterior vaginal wall. 

Surgical procedure. The insertion of the tunneller is 
as described previously (1). Preoperative single- 
dose intravenous flucloxacillin and 1 mg rectal 
metronidazole were used. The vaginal ends of the 
tapes w ere rri mined to a promjo^lengmof 1^102^, 
and fastened to the vagina by a side-to-side suture which 
also transfixed the lower end of the tape. 



Midline "tuck". Thebladderwas filled with 300 mis 
of normal saline. A midline incision was made, 
making sure that it did not extend beyond bladder 
neck. The flaps were dissected off the urethra. In 
order to esti mate how much tissue to excise for rctu rn 
to continence, the two flaps of vagina were grasped 
paraurethraJly with Littlewood's forceps, and the 
patient asked to cough until conti nence was achieved. 
Sufficient vaginal tissue was excised on both sides at 
the same time checking directly that continence was 
obtained-PosioperauvecatheteriTationwasrominely 
omitted in these patients. The tape was painlessly 
removed per vaginam as an office procedure 6 to 8 
weeks later simply by pulling on the protruding 
vaginal ends. 

Criteria for cure. The patients were assessed using 
a structured semi-quantitative questionnaire by an 
independent external observer. They were also asked 
to assess what percentage cure had been achieved. 

RESULTS 

Contact was maintained with all but one patient. The 
mean postoperative observation time was 1 2 month s, 
calculated after the last procedure if a postoperative 
adjustment was made. 

At completion of the primary operation, almost all of 
the patients were completely cured of SI. As the 
operations were almost entirely performed under 
local anaesthesia, we were able to excise the precise 
amount of vaginal tissue necessary ro achieve conti- 
nence. However, at 1 2 months, only 26 of 37 patients 
with symptoms of SI (70%)and 23 of 27 of patients 
with symptoms of urgeinconti nence (85%) remained 
cured Recurrence of SI, when it occurred, invariably 
did so within 2 months in this group of patients. One 
of 2 patients with pure urge incontinence, and 1 
patient with painful urge symptoms were cured. A 
further suburethral vaginal tightening was made in 
1 1 of the failed SI patients. This improved the cure 
rate for SI to 81%. A further 8% reported an improve- 
ment. Stress and urge symptoms, where present, 
were simultaneously cured in the vast majority of 
patients. There was no new incidence of urgency. 

Postoperative catheters were not used, and there was 
no postoperative urinary retention. 
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Complications. There were no postoperative in- 
fected retropubic haeinaromas. The biadder was per- 
forated by the tunneDer on one occasion. This wa.s 
recognized intrauperauvely by the blood stained 
urine and by cystoscopic examination. The tape was 
withdrawn and reinserted without any complica- 
tions. The catheter was left in overnight in this 
patient. Half of the patients reported a painless vagi- 
na) discharge which disappeared immediately the 
lape was removed. 

Operation characteristics (Slingplasty): operating 
time: 20-40 minutes; postoperative hospital stay: 6 to 
24 hours; return to work: 2 to 1 0 days with no special 
precautions other than refraining from intercourse; 
postoperaiive catheterization: nil. 

DISCUSSION 

The simultaneous cure of stress and urge inconti- 
nence again confirmed the main statement of the 
Integral Theory (3). which states that the same ana- 
tomical defect, vagioal laxity is mainly responsible 
for both symptoms. There was no bladder neck 
elevation in this operation, indicating that the impor- 
tant cure factor was creation of an artificial 
pubourethral ligament, and adequate tensioning of 
the suburethral vagina. Implantation as 2 parallel 
columns appears to have improved the problem of 
pt>sToperative suprapubic "weeping" and eliminated 
the small but bothersome postoperative infected 
haematomas caused by pulling on the inverted "IT 
configuration of the tape during removal. 

Recurrence of symptoms. The exact amount of va- 
gina was excised intraoperativery, restoring conti- 
nence with a full bladder during coughing. We at- 
tribute the postoperative recurrence of suburethral 
laxity and stress incontinence to the process of "visco- 
elastic creep" (5), i .c. the force of muscle contraction 
re-arranges the ground substance of the vaginal con- 
nective tissue, in effect averaging out the force acting 
over the whole vagina, resulting in a relative loosen, 
ing of the suburethral vagina, re-creating a mechani- 
cal closure defect. 



Conclusions. 

There were no cases of "tethered vagina syndrome", 
indicating the importance of leaving the bladder 
neck part of vagina free of scar tissue. However, we 
incurred the problem of postoperative "visco-elasiic 
creep". Excision of additional vagina! tissue at ihe 
time of the initial operation is not an option for this 
procedure, as it carries a significant risk of causing 
the •tethered vagina syndrome. Therefore, in order 
to improve the primary cure rate, we need to be able 
to tighten the suburethral vagina in a way which 
prevents "visco-clastic ciccp". without compromis- 
ing the elasticity in the bladder neck area. 
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ABSTRACT 

The Intravaginal Slingplasty with "double-breasted" vaginal flap repair and free vaginal tapes 
as performed in 40 unselected patients with primarily mixed or pure stress incontinence solved 
the problems of 14 visco-elastic creep" and of the "tethered vagina syndrome", but had a primary 
cure rate of only 72%, due to the tearing out of either the internal or external flaps. Subsequent 
adjustment under local anaesthesia improved the cure rale to 92%. Further development of the 
vaginal part of this technique is required. 



INTRODUCTION 

The problem as identified in IVS 1 1 1 was how to 
prevent "visco-elasuc creep**, without creating a scar 
at the bladder neck, therefore risking occurrence of 
the a tethered vagina syndrome" 

The anatomical basis for the "double-breasted" vagi- 
nal flap repair: the urethra isftee of attachments in its 
upper 1/3. In the lower 2/3 of urethra, however, the 
vagina is densely adherent (1). It known that the 
vagina is elastic (2). We hypothesized that "visco- 
elastic creep** was essentially an equalization of 
tissue tension created by contraction of the pelvic 
floor, and that a "double-breasted" vaginal flap re- 
pair, FIG 1 , sited at the lower 2/3 of urethra would 
ensure that there was no movement due to M visco- 
elastic creep" in the longitudinal axis because of the 
fibrous connection between the layers, as fibrous 
tissue is not elastic (3). Theoretically, stretching in 
the transverse axis shouldbe unhindered. Wccdnsid- 
ered that there would be no problems with inclusion 
cysts. The vagina has no glands, and there is no 



keratinization (1). During a 5 year personal experi- 
ence in over 100 cases of the Raz "island patch" 
technique whereby a square patch of vaginal epithe- 
lium is buried below the vagina, no case of inclusion 
cyst formation (4) was found. 

PATIENTS* MATERIAL AND METHODS 
Patients. An unselected group of 40 patients with a 
history of urinary incontinence was treated. Pure 
stress incontinence was objectively the major incon- 
tinence problem in 13 patients, pure urge inconti- 
nence symptoms in 4 patients, and mixed symptoms 
in 23 patients. Age ranged from 1 7 10 79 years (mean 
52), parity 0-8 (mean 2.4) and weight from 45-102 
Kg (mean 62 kg). The patients were objectively 
assessed as previously described (IVS III). 

Surgical procedure. A specially prepared 0.4 x 45 

cm Teflon tape was used. The essential parts of the 

tape insertion were carried out as previously described 
(IVS III). The vaginal ends of the tape were sutured 



Petros/Ulmsten 



74 



to Ihc vaginal mucosa, and trimmed, leaving 1 -2 cm 
of tape protruding into the vaginal cavity. The inverted 
M I r was cut in its midpoint just above the level of the 
sheath, so that the tape now descended as two parallel 
lines behind the pubic symphysis. 
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Double-breasted vaginal flap repair. 

A = vertical incision in Yagina; B = creation of flaps; C - 
fixation of inner flap ; D = fixation of outer flap. 

The vazinai parr of ihe procedure (FIG 1 ). The Foley 
catheter was re-inserted. Using a scalpel, flaps were 
created, FIG 1 A&B, stopping 0.5-1 5 cm short of 
bladder neck (avg. l .0 cm), depending on whether 
the urethra is very long or very short. The superficial 
epithelial surface of the underlying inner flap was 
diatterrnied, and the flap secured to the inner aspect 
of the external flap using Starmdorf-type sutures. 
FIG I C. The external flap was then brought over and 
sutured to the outer surface of the inner flap using 
continuous 2-0 Vicryl sutures, FIG ID. Postopera- 
tive catheterization was routinely omitted. The tape 
was removed per vaginam as an office procedure 6 to 
8 weeks later by pulling on the vaginal ends. 

RESULTS (Table I) 

Contact was maintained with aK patients. Primary cure 
rate was 72%. (82% if part cure included). Assessment 
was by questionnaire and self-assessmen: of the patient 
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with overseeing of this by an external observer experi- 
enced in incontinence surgery. 
TABLE 1 









cure after 




pre-op 


cured 


adjustment 


Ulonly 


4 


3 


3 


SI only- 


13 


6 


12 


Mixed SI/UI 


23 


19 


22 


TOTAL 


40 


23 


37% 


CURE 




(72%) 


(92.5%) 



The external flap tore out in 8 patients. Five of these 
were cured of their stress symptoms, but urge symp- 
toms remained. A later re-attachment of the torn-out 
flap in 4 of these patients cured tlje urge symptoms. 
In 6 patients, the incontinence appeared to worsen, 
and the patients complained of "leaking all the time". 
The external flap appeared to be intact in these 
patients. Re-exploration by incision of the vagina in 
the midline, revealed that the urethra had become 
dilated and incompetent Plicarion of the urethra, and 
re-tightening of the suburethral vagina restored con- 
tinence dramatically in 4 of the 6 patients. The other 
two were cured of the symptom of "leaking all the 
time", but remained partly incontinent There was no 
new incidence of urgency in this study. Postopera- 
tive catheters were not used, and there was no post- 
operative urinary retention. Almost all patients re 
ported a non-bothersome postoperati ve thick yellow 
vaginal discharge, which cleared on removal of the 
tapes. 

DISCUSSION 

The results indicate that the double-breasting proc- 
ess appears to have achieved its primary objectives, 
to prevent postoperative "visco-elastic creep \ We 
identify another problem, the potential tearing-out of 
the restraining sutures for the flaps. 

FaUure occurred primarily for mechanical reasons, 
tearing outeitherof theinternal or external flaps. We 
hypothesized that a major reason for the external flap 

tearing out wzs. that the unfixed edge of the external 
flap became devascularized, pre-disposing to the 



sutures tearing through it Also, the flaps were brought 
across under tension, predisposing lo retract ion. With 
regard to the inner flap, we consider that fixation by 
Sturmdorf sutures is a flawed technique, as it appears 
to predispose to retraction, fibrosis and urethral in- 
competence. Cure of urge symptoms after the loose 
flap was re-attached indicates the supportive func- 
tion for the hypothesized bladder nerve endings at 
bladder base by vagina. 

Conclusions. 

The technique of fixation of both inner and outer 
flaps needed to be revised so that the fixation tech- 
nique automatically predisposes to a) minimal ten- 
sion on die flaps; b) adequate vascularization of the 
outer flap; c) the forces acting on the inner flap push 
it towards the urethra, not away from it 
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ABSTRACT 

Stress incontinence was cured under local anaesthesia in an unselecled groupof 47 patients with 
a history of either pure stress or mixed urinary incontinence by insertion of a permanent sling 
and by double-layer tightening of suburethral vagina. The primary cure rate was found to be 
78% for stress incontinence. It was found thai the externa] flap lore out in a large number of 
patients. When compared to the "free tapes" version (IVS TV), the primary cure rate with che 
permanent tape version was 10% superior. This indicates that the tape may provide an extra 
protective measure in cases where the vaginal part of the procedure fails, at least for stress 
incontinence. There were, however, some incidences of post-operative urinary retention. 



INTRODUCTION 

Even chough the two elements necessary for success- 
ful surgery, re-creation of the posterior pubourcthral 
ligaments, and adequate tighten jng of the suburethral 
vagina were ratified with each version nf the IVS 
procedure to date, the proper restoration of function 
of the vaginal part of the procedure has remained a 
continuing problem. Another option considered was 
to create a more efficient bladder neck closure . 
mechanism ( I) by insertion of a permanent sling, a 
long Scandinavian tradition, but with several impor- 
tant differences: there was to be no elevation; the 
sling was not to be fixed superiorly; it was to be 
located at the mid-urethra; there was to be a con- 
comitant "double- breasted" flap repair of vagina. It 
was felt important to continue with the tightening of 
vagina principally to provide support for the pre- 
sumed nerve endings at bladder base, so as to prevent 
premature activation of the micturition reflex. 



PATIENTS MATERIALS AND METHODS 
Patients. An unselectcd group of 47 patients with a 
history of urinary incontinence were treated. Age 
ranged from 43 to 76 years (mean 52), parity 1-6 
(mean 2.4). and weight from 47-96 Kg (mean 64 kg) . 
Pure stress incontinence was objectively diagnosed 
in 35 patients, while 12 patients also had urge in- 
continence symptoms. All patients were fully tested 
urodynamically as described in IVS 111 . In 2 patients, 
Goretex was used, in 4 patients 4 mm Teflon was 
inserted The remainder had 5 mm Mersil ene inserted. 

Surgical procedure This was performed entirely 
under local anaesthesia. Teflon, M ersilene or Goretex 
were used. Raps were created and the operation 
rjerformed as previously described (IVS IV), up to 
the point where the tunncller was inserted for the 2nd 
time on the contralateral side. Having checked 
cystorcopically thai there was no tape in the bladder. 
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the outer sheath of the tunneller was removed, lea v. 
ing the insert in situ. The free end of tape already in 
the vagina was then threaded into the eye of ihe 
needle, and the insert was pulled upwards. Care was 
taken to lie the tape flat across the mid-point of 
urethra, and to ensure that there was no tension at all 
suburcthrully. The patient was asked to cough so as 
to test for continence, prior to proceeding to the 
vaginal part of the procedure. Finally the flaps were 
fixed with Srurmdorf sutures as in IVS IV. A No 8 
hegar dilator was inserted into urethra, and pressed 
gently downwards so as to ensure that the sling was 
not interfering with the urethra. Postoperative cath- 
eterization was routinely omitted in these patients. 

RESULTS 

There were no intraoperative complications. Postop- 
erative contact was maintained with all patients. 
Assessment was made by a third person skilled in 
incontinence surgery, using a standard questionnaire 
form, and by specific imerrogation at a mean time of 
12 months (range 6-18 months). Each patient was 
asked to assess her cure rate, whether she was com- 
pletely cured or improved to >50% or >75%, or 
whether the operation had failed. AH patients were 
tested with cough provocations with a comfortably 
filled bladder in supine and standing positions. 

The primary operation completely cured 37 patients 
(73%) with symptoms of SI, while 6 patients (13%) 
reported more than 75% improvement, i.e. the pa- 
tient leaked urine only occasionally at severe cold 
episodes etc. These latterCpatientsconsidered them- 
selves as restored to a "complete normal life". Of the 
1 2 patients with also symptoms of urgemcontinence, 
4 were cmirely cured The remaining 8 patients still 
reported urgency symptoms, but only two had incon- 
tinence. There was no new incidence of urgency in 
this study. Jn 2 patients, a sinus formed at 2 and 3 
months postoperatively, requiring removal of the 
sling. Both patients had Gorctcx sling. Continence 
was maintained after sling removal. Postoperative 
catheters were not routinely used. There was postop- 
erative urinary retention in 4 patients. Three were 
able to urinate within 24 hours. One patient required 
catheterization for a week. In four SI patients (9%) 
the operation failed. In two this was obviously due to 
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failure of the vaginal plasty (flaps tearing out) as seen 0 f >oj 

already after 4-6 weeks. In the remaining two failures Since 

no obvious reason for the failure could be shown. yeart 

Thirty-five patients were urody namically ex amioed anoth 

before and after the surgery. There were no signifi- conc i 

cant changes in the urethral pressure profile. In cons j 

patients cured the urethral closure pressure was posi- 0 f f e 

tive in all but two. No de novo detrusor instability imp]^- 

was recorded postoperatively. 0 y - c 

subui 

DISCUSSION W adt 
Advantages of the permanent tape. When compared 

to the results of the "free tapes version" (IVS IV). the CO* 

results indicate dial the use of a permanent shng \J. \y 

gives an extra dimension of strength to die proce- Ocpt 

dure, at least as concerns the surgical cure of stress <jpp> 

incontinence. Leaving the tape in creates a fairly ^kat 

strong inferior fulcrum for the bladder neck closure |jpp : 

mechanism and providing a back-up mechanism for p ax: 
continence, if the internal layer of the "double- 

breasted" tuck loosens. Such a firm inferior fulcrum REF 

may not be possible in patients with "free tapes". () j 



They rely on the actual vaginal tissue to be suffi- 
ciently strong to provide this inferior fulcrum. The 
failure to cure urge symptoms comprehensively we 
attribute to the tearing out of the outer flap, prevent- 
ing the vagina from being tensioned sufficiently to 
prevent die nerve endings at the bladder neck from 
firing off. In these situations, further postoperative 
tightening of the vagina is necessary to cure any 
residual urgency. Clearly, such tearing out indicates 
that the methodology for fuatiun of the flap was 
faulty. The edge of the outer part of the flap cannot 
undergo healing by primary intention. Instead, it 
relies on the process of healing by secondary inten- 
tion, the inner surface of the outer flap to the outer 
burnt part of the inner flap. Whereas theoretically, 
the arrangement of sutures was to allow sliding of the 
outer flap if the apposition was too tight, this did not 
necessarily happen. The presumed devascularization 
of the edge of the outer flap probably allowed the 
sutures to tear through the now devitalized edge of 
the outer flap. On inspection this appeared to be the 
case. 

Conclusion. 

This technique seems to give overall acceptable cure 
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of >90% in patients with SI and combined SI and Ul. 
Since the patients have been followed for only one 
year the d efi n iti ve cure rate has still to be a waj tied for 
another 2-3 years. It seems, however, justified to 
conclude that the described procedure sliould be 
considered a promising alternative for surgical cure 
of female urinary incontinence. The results also 
imply that then free tapes version could be improved 
by "crossing over" the tapes to create a firm fibrous 
suburethral band to facilitate the "kinking" of the 
bladder neck closure mechanism. 
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ABSTRACT 

*l*he priDcipal aim of this study was 10 create a more efficient method of suturing the vaginal 
flaps using the "double-breasted** flap repair technique, in order to prevent tearing out, a 
principal reason for postoperative f ailure.The pitdiminary results i n 2 1 patients using both 'free 
tapes" and pennanem sling methods indicate that the new technique appears give a markedly 
improved primary cure rale. 



INTRODUCTION 

The "double-breasted** flap repair technique as used 
in thelntravaginal Slingplasty IV and V appeared to 
have solved previous problems of "visco-clastic 
creep*' and of the "tethered vagina syndrome" as 
causes of postoperative failure. However, the new 
method of creating the "dcHibJe-breastecT flap repair 
was clearly faulty. Analysis of the previous method- 
ology with regard to the biomechanical principles as 
described in Parts 13 & HI, indicated that mechanical 
failure could be solved by ensuring that the flaps 
were not pulled across under tension, that de vascu- 
larization of the external edge of the flap could 
theoretically be prevented by creating a cut edge in 
the internal flap, FIG 1 , ensure primary re- vasculari- 
zation, and tissue healing by primary intentkm. We 
regard urethral dilatation by fihtous retraction of the 
inner flap as a major potential problem. We pro- 
posed plication of the outer surface of urethra where 
it was lax, a more precise method of fixing the inner 
flap to the lateral side of urethra, and the insertion of 
tension sutures on the outer surface of the inner flap. 



so that they automatically compressed the inner flap 
towards the urethra on effort, FIGS I -3. These ten- 
sion sutures should also help protect the suture line of 
the external flap FIGS 1&2. 

MATERIALS AND METHODS 

Patients. An unsclected group of 2 1 patients with a 
history of urinary incontinence was treated The 
patients were pre-operati vely assessed as previously 
described (TVS HI). Teflon tapes were inserted as 
before and left free in the vagina in 12 patients, and 
as a permanent sling in 9 patients. Pure stress incon- 
tinence was objectively the major incontinence prob- 
lem in 4 patients, and mixed symptoms in the remain- 
der. Age ranged from 39 lo 76 years (mean 51), 
parity 1-5 (mean 3 J, and weight from 48-82 Kg 
(mean 63 kg). 
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Fixation of inner flap 

The inner Hap has been sutured paraurethral] y on the left 
udc with interrupted and continuous sutures. The broken 
lines on the patient* s right indicate the position of the 
vertical incision which has been made on the epithelial 
surface of the inner flap. TS «» tension sutures. 
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FIG 2 I 

Fixation of the outer flap - "free tapes**. 

This is a schematic representation of the completed 

operation. IF = inner flap; OF = outer flap; Bl = bladder, 

RS = rectus sheath; I = 1 .5 cm skin incision. 




FIG 3 

Fixation of the outer flap - permanent sling. 
This is a schematic representation of the completed 
operation. IF = inner flap; OH = outer flap; Bl = bladder. 
RS - rectus sheath; Te - tension sutures; I » ).5cm skin 
incision. 

Tape was inserted and flaps prepared as previously 
described (IVS IV). The 1st flap was gently pulled 
across the midline and sutured to the paraurethral 
tissue just lateral to theureihra using 2 to 3 interrupted 
000 Vicryl sutures, and then with a second continuous 
suture. The superficial epithelial surface of that part 
of the inner flap to be buried was diathennied. A 
vertical incision was made on the epithelial surface of 
the inner flap down to themuscularis layer of the vagina, 
FIG l,sothatwhentte2ndflapwasge^ 
the midline, iioxild be sutured to the vertical cut surface 
of the inner flap, without any significant tension. Two or 
three 00 Vicryl "tension 1 ' sutures, FIG 1, were inserted 
taking care ihai the suture passed outside the inner flap, 
FIG 1 . Tne external flap was then sutured to the incised 
epithelium using 000 horizontal mattress sutures, FIGS 
2&3, and the 'tension' sutures loosely tied over a pair of 
suture scissors, leaving a let gap between sutures and 
vaginal epithelium. 

Postoperative catheterization was routinely omitted 
in all patients. The. tape was removed per vaginam as 
an office procedure 6 to 8 weeks later by pulling, on 
the vaginul ends. 
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RESULTS (Table J) 
At 3 months 

Contact was maintained with all patients. Assess- 
ment was by questionnaire and self-assessment of 
the patient, with overseeing of this by an external 
observer experienced in incontinence surgery. The 
external flap tore out in 3 patients postoperatively, a 
consequence, we believe, of postoperative coughing 
or vomiting attacks. Despite this, at 12 weeks, 19 
patients reported more than 90% primary cure of 
their SI symptoms. Of the 3 who tore the external 
flap, one was cured of SI, but complained of urge 
symptoms. These disappeared immediately the flap 
was re-approximated 12 weeks later. Hie 2nd was 
more than 50% improved The 3rd was a total failure. 
Four patients reported continuing urgency 
postoperatively, but these symptoms settled within 2 
weeks. Three patients complained of increasing 
suprapubic pain postoperatively, usually beginning 
on the 3id postoperative day. This continued until the 
lower tension sutures, FIGS 1&2 burst or were cut. 
One patient with a permanent sling could not urinate 
postoperatively, and required catheterization for 24 
hours. 

At 9 months 

Of the 19 cured patients, 18 were assessed after a 
further 6 months. Only one reported partial recur- 
rence of symptoms, and this appeared to be due to 
suburethral vaginal laxity. 

DISCUSSION 

The problem of the flaps tearing-out of sutures ap- 
pears to have been mostly solved using this tech- 
nique. The results, albeit preliminary, emphasize 
that attention must be paid to the biomechanics 
aspects of connective tissue, i.e. the structural strength 
of vagina, its elasticity , the muscular forces to which 
it is subjected, and, above all, how the surgical 
technique used may either protect or predisposes to 
ruptureof the suture line. With regard to dielatter, we 
stress that the flaps must not he pulled over too 
tightly. The improvement in postoperative urge 
symptoms we attribute to subsequent M visco-elastic 
creep" lessening the upward tension we presume 
caused these sympioms in the first place. 




Improved Periurethral anchoring of vagina) flaps 

After the flaps have been opened out, 2 anchoring 
sutures, A & B are inserted deep into the paraurethral 
tissues, and brought out through both flaps as indi- 
cated fixing each flap in turn with the same sutures. 
Care must be taken not to tie the sutures too tightly. 
If a urethral plication is made, then the same sutures 
can be brought through the flaps. This maneouYre 
also assists fixing of the flaps, which sull has to be 
performed as indicated in FIGS 1 ,2 &3. 
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"Cmss-over free tapes 7 * 

The tapes arc crossed directly below the urethra, taking 
cart thai they are situated well forward of the miii- 
ureihra. They are tied superiorly ONLY with No I 
Vicryl, and left entirely free at the vaginal levd. This 
ensures that there can be no injury to the urethra, T = 
tape; U = urethra; V s vagina; M = rectus muscle. 

Conclusion 

Use of tension sutures may sometimes cause pain f 
especially if tied too tightly. Analysis of this surgical 
variation with regard to the nurmal anatomy (J } 
indicates that attachment paraurelhraUy or to the 
urethra itself would better re-create the dense fi- 
brous tissue attachment of urethra to vagina. At- 
tachment in the manner of FIG 4 is already being 
performed. Preliminary results (unpublished data) 
are most optimistic, indicating that the vagina is 
firmly attached, without post-operative pain. 
However, we have found that there is a much greater 
possibility of post-operative urinary retention, es- 
pecially if tbe attaching sutures proceed beyond mid- 
urethra. Experience using die permanent sling sug- 
gest that a "cross-over method of tape insertion in 
the "free tapes'" version of this procedure, FIGS, 
wouid give most of the advantages of a permanent 
sling. Preliminary results are optimistic. 



Postscript 

As u general comment many patients whom we had 
regarded as being total operative failures with the 
IYS IV, V and VI versions subsequently reported a 
significant improvement in their stress incontinence 
symptomsc unpublished data). We attribute this to 
the tightening which would result from scar tissue 
contraction around the double flap repair, a result of 
inter and intramolecular cross-bonding. 

CORRESPONDENCE: 
P.E.PAPA PETROS 
14A/38 Ranelagh Crescent 
South Penh WA 6151 
Australia 

Fax:61-9-474 3766 

ACKONWLHDGEMENT: 
To Dr Harald Bratt and Proffcsseur Per Johnson for 
discussions leading to improved technique as dem- 
onstrated in Figures 4 and S respectively. 

REFERENCE 

Krantz KE. Anatomy of the urethra and anterior 
vaginal wall. American J. Obstet Gynecol. (1950), 
62:374-386. 



ScmS J Urol Nrpntot Suppl No, J S3 



85 



9 



ORIGINAL ARTICLE 



THE FREE GRAFT PROCEDURE FOR CURE OF THE 
TETHERED VAGINA SYNDROME 

Authors: 

PE PAPA PETROS* Dr Med Sc MRCOC FRACOG Dspi of Gynaecology Royal Penh 
Hospital Penh, Western Australia, Dcpt of Obstetrics and Gynaecology Uppsala University 
Akademiska sjukhuset Uppsala. Sweden 
and 

U Ulmsten, MD PHD Dept of Obstetrics and Gynaecology Uppsala University Akademiska 
sjukhuset Uppsala, Sweden 

ABSTRACT 

Symptoms of stress and urge incontinence in 12/16 patients with the "tethered vagina 
syndrome" were substantial Jy cured by insertion of a free graft in the vagina in the area of 
bladder neck. The operation works by restoring elasticity i n the vagina below bladder neck, thus 
allowing the bladder neck and urethral closure mechanisms to operate independently. 
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INTRODUCTION 

Urinary incontinence due to decreased elasticity in 
the vagina below bladder neck, ('tethered vagina 
syndrome"), has been previously described as an 
important cause of postsurgical incontinence (1). 
Surgical cure of such patients has been previously 
reported using the "l-plasty" operation. In 
binmechanical terms, however, this operation can- 
not permanently restore elasticity in the bladder 
neck area of the vagina if there is a net deficit of 
tissue, due to previous vag'uud excision, or if the 
elasticity in this area has been compromised by 
excessive elevation. Initially the graft operation was 
performed in those patients who had failed ]-plasty 
procedure (1), a technique which imports healthy 
vaginal tissue to the bladder neck area. Later it was 
performed as a primary operation in patients diag- 
nosed as having the 'tethered vagina syndrome". 

PATIENTS, MATERIAL AND METHODS 

A waluf 16padertswaedSagn^ 

vagina syndrome Age ranged Jrum 35 to 9 ) years, mean 
age 68 years. Parity ranged from 1 -6, mean 3. 



Pre and post operative assesnxent . 
All patients were fully asscsed as previously de- 
scribed IVS II-V1 This issue. 
Operation. A full thickness 4 cms long horizontal 
incision was made exactly jn the transverse crease of 
the bladder neck area of the vagina, FIG I . This was 
opened longitudinally with £ pair of long handled 
scissors. Scar tissue below the vagina was excised. 
Haemostasis was ensured by diathermy. A 4 x 3 cm 
full thickness vaginal graft was taken from the pos- 
terior vaginal wall in the analogous position to the 
transverse incision, or as skin from the anterior 
abdominal wall or buttock. The vagina from whence 
it was taken was sutured in the anteroposterior di- 
rection to ensure that there was no narrowing at the 
site. Where relevant, the graft was trimmed of all 
underlying fat and sutured into the bladder wall 
initially with four quilted sutures and peripheral su- 
tures 3 mm apart interrupted G/0 Vicryl ) Novagina) 
packs were applied and a catheter was put into the 
patient overnight only. Generally tin? patient was 
allowed to go home on the next day and instructed to 
rest a: least for a week to allow die graft to heal. 
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FIG I 

Free graft repair. 

The numbers 1.2 & 3 denote the successive stages of the 
operative procedure. X = quilting sutures to the bladder 
tissue; B « bladder, V = vagina. 

RESULTS 

Twelve patients gave a history of having undergone 
a previous bladder neck elevation procedure, and 4 
patients had undergone at least one previous vaginal 
repair. In all« more than half of the patients had 
undergone a previous failed ^plasty. Mean postojv 
cnmvefollowupwas9.2months.Range3-13months. 
Symptoms. All patients had symptoms of frequency, 
urgency and nocturia. Urge incontinence was present 
in 1 5 out of the 1 6 pati ents . All patients wet frequently 
prior to arrival at the toilet, and in 1 3/16 patients, tins 
symptom was invariable. Stress incontinence with 
coughing was present in only 7 out of 16 patients. 
Another 7 out of the 16 patients complained of 
leakage either on bending over or during walking, 
but not on coughing, te. paradoxical leakage (so 
named because of leakage at a lower pressure than on 
coughing). Maximal urethral pressure ranged from 8 
to 52 cms mean 20 cms. 

Radiological Diagnosis. In patients with a net deficii 
of elastic tissue in the interior vaginal wall, there may 
be very little movement of the bladder neck on 
straining (cf FIGs 1 la, lib Part I) 



Surgical results. Hleven patients reported n cure rate 
of all symptoms in excess of 90%. One patient 
reported cure of her urge incontinence but continua- 
tion of her frequency. Four out of 36 patients re- 
ported a rejection of the graft. This generally oc- 
curred within the first week and in all cases a dark 
brown chocolate discharge was noted. There did not 
appear to be any greater rejection of skin as opposed 
to vaginal grafts. Where the operation was success 
ful, symptoms took 2 to 4 weeks to improve. There- 
upon, further improvement was noted over the next 
four months. One patient who was entirely cured 
reported return of incontinence symptoms 6 months 
postoperatively, though they were different in the 
original symptoms. Investigation demonstrated that 
the suburethral vagina had become very loose, we 
assume from too large a graft. A double flap repair 
performed.under day surgery conditions with local 
anaesthesia completely cured this patient. All 4 
patients who reported rejection of their flaps also 
reported worsening of their symptoms over the ensu- 
ing 6 months. 

Skin Grafts: In 5 patients there was a net deficit of 
tissue in the posterior vaginal wall, so that there was 
insufficient tissue available to perform a graft. In 
these patients, skin was taken from the buttock or 
abdomen, trimmed and sutured accordingly. 

Cough transmission ratio. This was more than 90% 
in 1 3 patients (in 9 patients it was more than 1 00%). 
In 2 patients however, the cough transmission ratio 
was in the range of 60-65%, and in one patient, 85%. 

DISCUSSION 

Modus operandi of the operation. The graft restored 
the elasticity a! ZCE, (FIG 3 theory section), thereby 
permitting the urethral and bladder neck mecha- 
nisms to function separately. Over-correction was 
noted in one patient, i.e. the suburethral tissues were 
rendered excessively kwse. This demonstrates that 
1) Precision is required for restoration of vaginal 
tension. 2) Such precision may not be entirely achiev- 
able using our present techniques. 3)Therefore. as an 
alternative, in order to achieve this precision, wc 
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advise, in all operations, thai further adjustment of 
the vagina may be necessary in up to 20% of patients. 
Disadvantage of this procedure. Rejection may lead 
to scarring and worsening of symptoms. 
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FIC2 

Z-plasty for restoration of laxity to ZCE 
The flaps A & B are mobilized. A is swung across the 
urethra, and B is swung down towards the bladder neck 
area of vagina. 

Alternative procedure. If there is also an obvious 
suburethral laxity, then a simple z-plasty FIG2 may 
give good results (unpublished data), as it simultane- 
ously tightens the suburethral vagina, and loosens 
the excessive tightness of vagina in the bladder neck 
area over the ensuing 6 weeks. This technique uses 
the process of "visco-elastic creep** to advantage. If 
there is also a net deficit of vaginal tissue in the 
anterior vaginal wall, combining the z-plasry HG2 
with say, a vulval flap to cover any bareness created 
in the suburethral vagina may create sufficient laxity 
in the "zone of critical elasticity" to restore the 
separate closure mechanisms. 
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ABSTRACT 

The '^posterior fornix syndrome^ as studied in 28 patients, is described. It consists of multiple 
symptoms of pelvic pain and abnormal urinary symptoms deriving from laxity in the posterior 
fornix of vagina. The symptoms encompassed include pelvic pain (32%), deep dyspareunia 
(39%), symptoms of stress (32%) and urge (39%) incontinence, those associated with defecti ve 
bladder neck opening (35%), and high residua) urine (52%). The percentage incidence of 
symptoms, as denoted by brackets was expressed as a percentage of 28. and were only attributed 
to this syndrome if they abated after surgical cure. A simple posterior fornix repair performed 
under local anaesthesia cured men* than 50% of the symptoms in each category, indicating that 
laxiry in the posterior vaginal fornix was most likely ihe prime cause of these symptoms. 



INTRODUCTION 

The role of the uterosacral ligaments and posterior 
wall of vagina has received scant attention as con- 
cerns their pathogenesis in pelvic pain and female 
incontinence. Cure of symptoms including collision 
dyspareunia, low abdominal pain, low sacral back- 
ache, and urge symptoms by laparoscopic 
ventrosuspension and hysicrcctomy has been reported 
previously (1). 

In a preliminary report, we confirmed (2) that not 
only urge, but also stress symptoms could be caused 
by laxity in the uterosacral ligaments, and that both 
were frequemly curable by a simple posterior fornix 
repair. The theory predicted that such vaginal laxity 
may also be a cause of high residual urine, and 



symptoms of defective bladder neck opening (3). 
(Relevant symptoms are detailed in Appendix A). 
The aim of this study was totesr previous findings <iy2), 
and to further investigate clinical and urodynamic mani- 
festations of laxity in the posterior vaginal fornix. . 
PATIENTS, MATERIALS AND METHODS 
Twenty-eight patients were studied. Mean age was 
45 years (range 32-71) parity Z7 (range 0-6). Inclu- 
sion criteria were based on having cither low pelvic 
pain or collision dyspareunia not of inflammatory 
origin, Appendix A, a residual urine of more than 50 
mis in patients without previous incontinence sur- 
gery, or more than one symptom of defective bladder 
neck opening as detailed in Appendix A. 
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The patients arrived for testing with a comfortably 
full bladder. Objective testing included special exer- 
cise pad tests, Urine loss, if any, was measured 
during provocation with 10 coughs and lOstar jumps. 
Urethrocysiometric testing was performed accord- 
ing to (4) and included pressure transmission laiios 
(PTR) during conghing. straining, and u cutting-off * 
in the supine position, and a hand-washing test for 
urge incontinence and bladder instability performed 
in the standing position. Urinary flow studies, blad- 
der vorume, and residual urine estimations were also 
performed. A pessary was inserted as described (1) in 
50% of the patients. 

Operation. The posterior fornix repair was per* 
formed entirety under local anaesthesia, often as an 
office procedure. The patient was placed in the 
lithotomy position. The corners of the posterior for- 
nix were gently grasped by Littlewood's forceps 
without applying pressure. Using long needle, 
preferably with a shield over the point (eg Cobak), 
the vaginal mucosa was infiltrated with 5-10 mis of 
0.5- 1 % xylocaine with 1/200,000 adrenalin on each 
side extending to the midline, grasped firmly with 
Littlewood's forceps, and pulled laterally and for- 
wards. Under tension, a full thickness horizontal 
incision was made with a scalpel between the for- 
ceps. The points of long-handled scissors were in- 
serted antero-posteriorly in the incision, and the 
handles opened out, i.e. the scissor points stretched 
open the incision in an aniero-posterior plane. If 
possible, the uterosacrai ligaments were identified, 
approximated in the midline, followed down 
posteriorly and funher approximated. Nol Vicryl 
was used, and the needle point frequently used to 
locate the often deeply set ligaments. The vaginal 
mucosa was then approximated from side to side. 
Care was taken to approximate the tissues without 
excessive tension. If an enterocoelc or high rectocclc 
were present, they were appropriately repaired at the 
same time in the surgical theatre. 




FIG J 

How hysterectomy may create a posterior fornix 
defect. 

This is a schematic view of the pelvis as seen from 
above. PS « pubic symphysis; USL = utcrusacral 
ligament; CL - cardinal ligament; V = vagina; S =. 
sacrum; U = uterus; in the upper diagram, the broken 
lines indicate the pie-opera five state the solid lines 
indicate how suturing the vault horizontally loosens it's 
ligamentous support from CL and USL; in the lower 
diagram, the arrows indicate how CL and USL may be 
tightened by suturing a horizontal posterior fornix 
incision from side to side. 
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FIG 2 

Conversion or pressure transmission ratio after 
posterior fornix repair. 

This is a pressure transmission graph of the same patient 
with readings taken immediately before and after a 
posterior fornix repair. U = urethral channel; PTR = 
subtracter channel; B = bladder channel; S - strain; C =* 
cough; CO = cut-off. 

Postoperative assessment. The postoperative as- 
sessment was performed by a third person, trained i n 
female incontinence, and using the questionnaire, 
Appendix A, persona] interview, and objective test- 
ing as above. The results were entered onto a data 
base, and subsequently analysed. No patients were 
lost from the study. The symptoms were only attrib- 
uted to this syndrome if they abated after surgical 
cure, Tables I & HL 

RESULTS 

The postoperative assessment was performed be- 
tween 4 and 30 months postoperatively (mean 12 
months). The results are summarized in tables 1, H & 
HI. In 19 patients, mean residual urine was reduced 
from 123 mis preoperative^ (range 500 mis to 2 mis) 
to 31 mis postoperatively (range 150 mis to 0 mis). 
The peak flow was virtually unaltered, 30 mis/sec. 
postoperari very, as against 28 mis/sec preoperatively. 



In 7 patients with a positive Valsalva pressure trans- 
mission ratio (PTR) and symptoms of urinary incon- 
tinence, die Valsalva PTR was repeated immediately 
after the procedure bad been performed under local 
anaesthesia. All 7 readings converted from positive 
to neutral or slightly negative, FIG 2. We confirmed 
that symptoms, including high residual urine, may be 
greatly improved after pessary insertion. 



TABLE I (28 Patients) 
symptom cured improved 



true frequency of 
syj upturns* 



stress 

incontinence 
n= 19 



urge 

incontinence 1 1 3 
o = 21 

defective 

opening 10 
n= 16 

low pelvic 

pain 9 

n= 12 

deep 

dyspareunia 1 1 
n= 16 

residua) urine 10 
n=19 



32% 



39% 



35% 



39% 



53% 



* Symptoms were expressed as a percentage of 28 
and only attributed as part, of the posterior fornix 
syndrome if cured. 

TABLE n - VALSALVA PTR 

Positive Negative 



stress incontinence 12 
n = !9 

urge incontinence 1 3 
n = 21 



7 
6 



TABLE HI 

(14 HYSTERECTOMY PATIENTS) 
symptom cured improved failed 



stress incontinence 
n = 9 

urge incontinence 
n= 13 

defective opening 
n = S 

low pelvic pain 
n«7 

deep dyspareunia 
n = 7 



0 
3 
2 
2 
3 



DISCUSSION 

Clinicaldiagnosis. The patient may have pel vie pain 
(cf "pelvic pain syndrome" (1), Appendix A), ur- 
gency (I), and varices noted laparoscopically at the 
site of the uterosacral ligaments (1). We found that 
symptoms of stress incontinence, defective opening 
and findings of high residual urine, art alio on im- 
panant pan of the syndrome. As these symptoms 
may occur after (indeed be caused by) hysterectomy, 
we consider that the "posterior fornix syndrome" 
may be an appropriate term. The high correlation 
between symptoms of incontinence and a positive 
Valsalva pressure transmission lest is a promising 
objective tesL On examination there may be a bulge 
between the uterosacral ligaments, or presence of an 
early enterocoelc. Insertion of a ring pessary may 
tighten the posterior fornix by stretching the 
supralevator vagina (we have demonstrated this 
radiologically ) and bring a dramatic improvement in 
symptoms*. As such the pessary is a useful, but not 
infallible, predictive diagnostic test. 
* If the pessary used is too Urge, pelvic pain and worsening of 
symptoms may result. If it is too small there may be Half or so 
improvement in symptoms. (Unpublished 10 date) 

Relationship of symptoms to hysterectomy and lax 
mervsacral ligaments. In a prospective study in- 
volving 36 patients, some with urinary symptoms, 
Parys ct a) (5) reported an almost 100% increase in 
symptoms of defective emptying, (Appendix A), 
almost a 50% increase in symptoms of frequency, 
urgency and nocturia as well as a 20% increase in 



symptoms of incontinence following hysterectomy. 
Langer et a] (6) investigating a group of 16 women 
without urinary symptomsundergotng hysterectomy, 
found that hysterectomy did not cause symptoms of 
incontinence. We were able to substantially reverse 
a high proportion of sympioms. Table III with a 
posterior fornix repair, indicating that laxity in the 
posterior fornix may have been the ultimate cause of 
these symptoms. Such a reversal of symptoms would 
not be possible if partial denervation (7) of the pelvic 
floor was the principal causative factor for urinary 
incontinence 

Pelvic pain. Traction of a retrovertcd uterus on the 
sensory nerve endings of the posterior pelvic wall 
has been cited as an etiological factor for pelvic pain 
(8). We confirmed previous observations ( 1 ) % {2) thai 
laxity in the uterosacral ligaments may cause pelvic 
pain and dyspareunia. Though a large proportion of 
the patients' symptoms were previously cured with 
hysterectomy (1), we found persistence of pelvic 
pain and dyspareunia in many patients who had 
undergone hysterectomy. Many reported improve- 
ment after posterior fornix repair. Table III. We 
conclude from the above that if pelvic pain can be 
caused by hysterectomy, it cannot be the hysterectomy 
perse which cures the pelvic pain, but the concomi- 
tant surgical repair of the ligamentous supports of 
the posterior vaginal fornix performed at the time of 
the hysterectomy. 

Pathogenesis. Anatomically, any looseness in the 
vagina between the pubourethral ligament, and the 
uterosacral ligament may cause symptoms (3). 
Overdistension of the posterior fornix during labour, 
or transverse suturing of the vault during hysterec- 
tomy are hypothesized as being principal etiological 
factors (2), though we have seen h in a nuUiparous 
patient, becoming symptomatic after menarche. 
Laxity of the supralevator vagina may not allow 
adequate tensioning of the vagina below the bladder 
neck ocrve endings. This lack of underlying support 
may cause the nerve endings to fire off, prematurely 
activating the micturition reflex, resulting in symp- 
toms of frequency, urgency nocturia. 



SccndJ I W Ncphrot Suppt Mo. 133 



rosxcrktr Fornix Syndrome 93 



Some surgical considerations. Though effective (1). 
we do not agree, on anatomical grounds, that 
laparoscopic ventrosuspensi on (1) is the appropriate 
treatment. This operation works by elevating the 
uterus via the round ligaments, which are not struc- 
tural entities. Also, elevation may create a potential 
enterocoele space. Elevation of the uterus may cause 
frequency and urgency on its own account (9). The 
process of bladder neck opening requires that there 
be no laxity between anterior wall of rectum and 
posterior wall of vagina, i.e. a high rectocele, if 
present, also needs to be corrected, along with any 
enterocoele, or laxity in the utcrosacraJ ligaments. 
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ABSTRACT 

. m wn favored oyer synthetic material in the construction of pubovagt- 
Tradltionally, autologous """"^^^yZntiZnce (SUI). This preference arose largely because 
„a, slings for the treatment •^t^jtSSTT*^ erosion when syndetic materbls are used, 
of concern about an increased Incidence of svnthe tic material, reduce total operative time, and 

However, when care is taken to mlnimue effectively with synthetic ma- 



INTRODUCTION 

PUBOVAGINAL SUNOS have long been recognued as 
an cffecuve treatment for intrinsic sphincter; tefictency 
(ISO). In addition, sling procedures have beer 
anatomic genuine stress urinary incontinence (SUI), mindly 
for padentt with increased risk factors for faduie (r.e., obe- 
sity; failed prior surgery, chronic obsttuctive P«to^ 
«£) and more recendy. aa a primary mtervenOon. A variety 
T, nlhetic maurial. have been used for 
(Marlex, Silastic MersUene, Teflon, and Gonex)." Infection 
Z Son of theae material, into the bladder, urethra, and 
"gin, have been the principal risk factors assoctated w.th 

^mtnajority of experience win, artificial graft materials used 
forsltagsU via an abdominal or combined abdonnnal and vagi- 
nal approach. We have attempted to decrease the mvasiveness 
and morbidity previously encountered with the use of synmeuc 
^LdSXby inciporaung toe minimally invasive tech- 

ofan expanded pol yterraflooroethylene (Cortex; Wi. Gme & 
aZSZI fSnff. AZ) .uburethral sUng. Our 6-year 
with mi. materia has led us «o belike djatj can 
E^as part of a simple technique mat is highly effect, ve m 
coveting ioto genuine SUI and 1SD. By avoKhng £ «K»- 
sive abdominal incision and eliminanng the need to harvest au- 
tologous material, the invasiveness of sling surgery B agnifi- 
candy reduced 



TECHNIQUE 

For more than 6 years, we have been wing Cortex patch 
slings for the management of SUI and ISD. In the evolution of 
the technique that we currently use, we have employed several 
measures specifically designed to keep the irifecnonyeto«on 
rate negligible. When utilizing artificial graft material, sterile 
technique is of utmost importance. The patient receives a fuU 
10-minute vaginal preparation with povidone-iodme. Broad- 
spectrum antibiotics are given prcopcratively and postopera- 
tively for 5 days. Most importantly, we have signiftcantly re- 
duced the size of the patch. The average patch used in our 
pahents is 3.5 X 1.5 cm (surface area 103 cm J ). We believe 
that the reduced surface area of synthetic material is integral to 
keeping the rale of patch infection down. 

The width of the patch is detemiined by placing the ops of 
forceps in the lateral v aginal f omices at the level of the bladder 
neck (Fig. 1 ). The standard height of the patch is IS cm. The 
rectangular patch is prepared on a separate table by miming a 
2-0 Cortex suture along both 13-cm edget. The patch is then 
soaked in antibiotic solution until it is ready to be imxyrpcrated. 

Technically, the procedure is similar to the modified Pereyra 
procedure described by Rax 7 We prefer a single midline ante- 
rior vaginal-wall incision to an invertcd-U incision, as it allows 
the patch to be exposed to the incision line in one place as op- 
posed to two. Reduced cxrx>iuie of the synthetic material to me 
incision line should decrease the chances of contammauon of 
the iinderrying patch. After sharp entry mm the retropubic spa^ 
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FIG. 1. Tips of forceps are placed in lateral vaginal fornices 
at level of bladder neck to determine appropriate width for 

through the vaginal incision, the patch is brought onto the sur- 
gical field, and the 2-0 Gortex sutures are secured to the mo- 
bilized edge of the periurethral fascia and the pubourethral lig- 
ament with a running stitch (Fig. 2). This fixes the patch and 
allows suspension of the bladder neck by the sutures alone with- 
out obstruction of the urethra. 

The remaining steps of the procedure are similar to those of 
the standard needle suspension procedures. A suspension nee- 
dle is used to bring all four suture ends through the retropubic 
space and out the lower abdorninal wall (Tig. 3). In order to de- 
crease patch exposure time, the vaginal incision is irrigated with 
antibiotic solution, the patch is centered over the bladder neck, 
and the vaginal incision is closed with absorbable suture prior 
to cystoscopy. Cystoscopy is used to confirm the absence of 
suture in the bladder and urethra and also facilitates placement 
of a percutaneous suprapubic tube. The sutures are tied with- 
out tension so the knot rests loosely on the rectus fascia. Care 
must be taken to avoid tension while tying these sutures in or- 
der to reduce the risk of postoperative urinary retention. The 
sldn incisions are closed with subcuticular absorbable stitches. 



RESULTS 

We recently reviewed our experience with 122 patients who 
had undergone the procedure (mean follow-up 24.4 months). 
Many of these patients had failed prior surgery for SUl, and 
57% had detrusor instability in addition to SUI. The average - 
operating time was 80 ± 12 minutes. Complete resolution of 
SUI occurred in 88% of the patients. In the 15 patients with 
persistent incontinence, the average daily pad use decreased 
from 4.3 to 1.7, and six of these patients no longer needed to 
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FIG. 2. Sutures of 2-0 Gortex are used to fix patch to peri- 
urethral fascia and pubourethral ligament 




FIG. 3. Suture carriers are used to pull suture ends into retrop- 
ubic space and out through abdominal wall incisions. Patch is 
centered beneath bladder neck, and vaginal incision is closed 
before sutures are tied. 



SYNTHETIC MATERIAL IN SLING SURGERY 

any protective device. Fifry-one per cent (35/69) of the 
XTwT p^penmvc detrusor instability and SU1 had res- 
of syndic detrusor instability follo^g thepro- 
ie. whTr^syrnptoinanc detrusor instability devel- 
oped in 32% (17/53). 

TThe average hospital suy was 24 how*, and 38% of the pa- 
tiena woe aMe to have fte suprapubic wnov^pnor to 
discharge. Eighty-two per cent (100/122) of the pauents tad the 
J^ic^rernov^ within 1 wede Ifartay r*«bon or 
severe obstructive voiding symptoms persisted beyond iz 
weeks, the vaginal incision was reopened, end the sling was $in> 
dy incised beneath the bladder neck. This maneuver 
quired in six patients, and SUI has not recurred in any of tent. 

Separation of the vaginal incision edges with exposure of the 
ding was observed in five patients and necessitated excision of 
U» patch. These patients presented with watery vaginal dis- 
charge, and none experienced pain, fever, or an coated white 
Mood cell count. No patient has had erosion of the patch into 
.hc urethra or bladder. Only two of the five patients ; who have 
had their slings excised have experienced recurrent SUI. 

The time to resumption of normal daily activities ranged &om 
2 to 12 week* (mean 3.1 weeks). Seventy-eigbt per cent of the 
patients were happy with their decision to undergo surgery, 19% 
would not undergo the procedure again, and 7% were unsure. 

DISCUSSION 

The chief reservation about using synthetic materials in the 
construction of slings has been the risk of erosion and mo- 
tion. In Bryans' experience? with polypropylene mesh ham- 
mock (Mariex), 5 of 69 patients <7%] Tbadnonheabnj [of ^e 
varinal wall. Morgan and associates 1 reported no vaginal ero- 
sions in 290 Mariex sling procedures however, 2 patients ex- 
oerienced delayed erosion of the ding into the urethra at 1 and 
3vears postoperatively. Chin and Stanton 3 reported erosion of 
Mastic duigsin 10 of 88 patients (11%) (five vagmal, four 
bladder, and one urethral erosion). Bent and coworkers re- 
ported a 20% removal rate of Oortex slings because of reac- 
^exposure of the sling at the abdominal or vagmal site. AT 

exdsed%ungs woe found to be colonized with 
c ^.I„^study.a20Xl^(surf r area 60^ piece 

of Oortex was used as the sling. The surface area of the patch 
used in the construction of our slings (10.5 cm 2 ) is approxi- 
mately one-sixth that of the Bent sling, and our erosion rate of 
4% (5/122) ia less by a similar factor. 

Our experience with the Gortex patch suburethral sling has 
been positive in regard to overall success rate and patient sat- 
• isfaction. Our follow-up to date has shown that this technique 
is as effective as the Bun* procedure in the treatment ot 
anatomic SUI; and as effective as the fascial ding procedure jut 
the management of ISD. In addition, the patient is spared die 
morbidity of an sbdominal incision and the harvest of autolc- 

gous graft material. 

It has been suggested that endoscopic needle suspension ^pro- 
cedures fail because: 1) sutures tear from the vaginal wall, 2) 
sutures are placed laterally to avoid urethral obstruction, which 
may predispose to persistent urethral motion if the puboc«vical 
fascia is deficient, and 3) ISD may coexist with genuine SUI 
.nd may be undiagnosed preoperaiWely. T*e use of a Gortex 
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paid, sling should reduce the failure rate, a* mc repair does not 
rely on the strength of the vaginal or pubocctvicaJ tii^, and it 
effectively treats both types of stress irjeontirjence. The advan- 
tage over the fascial puboyaginal sling procedure is that our tech- 
nique is performed with the facility of an endoscopic needle sus- 
pension piocedurc (familiar to most urologists) awl there is no 
need for an afctonunal incision. This makes for a sbortcrho*- 
pital stay awU qukto recovery time. Fiirttenoore, we beheve 
mat synthetic material such as Gortex has me added benefit of 
bems awuinanemiriatei^ will not deteriorate with time. 
Longer follow-up is needed to deterniine if trie use of sy^^ 
materials in the coristruction of suburethral slings provides 
greater long-term success rates than those procedures that rely 
on the patient's own tissues for elevation of the bladder neck 
and compression of the proximal urethra. 

Other procedures such as the lar*roscopic Burch operation 
strive for the effectiveness of the retropubic bladder neck sus- 
pension with decreased morbidity. However, this procedure re- 
quires expensive equipment and prolonged operative time and 
. has a steep learning curve and exposes the patient to se^risk, 
such as vascular injury or perforation of a vi5^ Rad«r»sto and 
Herschorn 8 recently reported an 85% success rate (mean follow- 
up 173 months) with me laparoscopic Burch procedure. The av- 
erage operative time was 196 minutes with a mean postoperative 
hospital stay of 3-2 days. The Oortex sting procedure has aj com- 
parable success rate and decreased recovery tm^ ar^ cafl be per- 
forrned with spinal instead of general anethesia. Also, it avoids 
the steep learning curve and the expense of extended operating 
roc^ time. In addition, if ISD is present along with hypermo- 
bility. the laparoscopic Burch operation will be likely to fail. 

CONCLUSION 

The introduction of new surgical techniques and modifica- 
tion of existing ones is done with the intent of either ►decreas- 
ing the invasiveness of the procedure, simplifying the proce- 
dure, or improving its effectiveness. The use of synthetic 
materials in the construction of pubovaginal slings spares the 
morbidity of liarvesting autologous tissue such as rectus fascia 
or fascia lata. In addition, the synthetic graft is inherently more 
durable than the patients own tissue, and this may explain why 
we have seen no recurrence of SUI in patients who have re- 
ported initial success. The Gortex patch sling technique we have 
described is technically simple and is effective in the manage- 
ment of Type II SUI and ISD. The procedure Is performed with 
the facility of a needle suspension procedure but adds the ben- 
efit of a stable urethral backboard that is provided by all sling 
procedures. Overall cost and morbidity are decreased by re- 
duced operating room expenses and hospital stay and by the 
rapid recovery. When care is taken to reduce the chances of 
patch infection, the advantages offered by the use of synthetic 
materials in the construction of slings should not be overiewked. 
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